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$ hEHUEOLFN EHU GLH 3URJUDPPH QDFK EHQXW]WHQ 3URJUDPPLHUVSUDFKHQ XQG 3ODWWIRUPHQ
$ 'LH ZLFKWLJVWHQ 'DWHLIRUPDWH
$ +DXSWJUXSSH 9LVXDO %DVLF IU 06'26  3URJUDPPH
$ 7HOD  3URJUDPPH $XVZDKO


















(LQH ]ZHLWH LQ GHU1HX]HLW QDFK GHU (QWGHFNXQJ GHV0DJQHWLVPXV EHREDFKWHWH
0DQLIHVWDWLRQGHUVHOEHQSK\VLNDOLVFKHQ9RUJlQJHLVWGLH5LFKWXQJVlQGHUXQJGHU.RP
SDQDGHO LQ SRODUHQ %UHLWHQ’D ]ZLVFKHQ GHQ EHLGHQ 3KlQRPHQHQ HLQH %H]LHKXQJ
EHVWHKWZXUGH]XHUVWYRQ2+LRUWHUXQG$&HOVLXVQDFKJHZLHVHQGLHPHKUDOV
(LQ]HOEHREDFKWXQJHQYRQ$EZHLFKXQJHQGHU.RPSDQDGHOLQ8SSVDOD6FKZHGHQPLW















































(OHNWURQHQWHPSHUDWXUHQ 7  XQG 7  PLW HUVWHUHQ SUDNWLVFK LQVWDQWDQH IOlFKHQKDIWH
L H








5DXPEHUHLFKHV GHU 0DJQHWRVSKlUH GDUVWHOOW GD GLH 3DUWLNHO LQ GHU 0DJQHWRVSKlUH
HQWODQJGHU(UGPDJQHWIHOGOLQLHQOHLFKWEHZHJOLFKVHQNUHFKW]XLKQHQMHGRFKIDVWXQEH




















 LP9RUGHUJUXQG (LQH=XVDPPHQIDVVXQJ YRQ$UEHLWHQ EHU GLHVH 3KlQRPHQH
ZlKUHQGGHU,QWHUQDWLRQDO0DJQHWRVSKHULF6WXG\,06JHEHQ8QWLHGWXQG







(LQGHOOXQJHQ GHU 0DJQHWRVSKlUH GXUFK ’LFKWHYDULDWLRQHQ LP DQVWU|PHQGHQ VRODUHQ
:LQGDOVGHUHQLRQRVSKlULVFKH6LJQDWXUHQ¯7UDYHOLQJ&RQYHFWLRQ9RUWLFHVµDQJHQRP
PHQZHUGHQ*ODPHLHU<DKQLQHWDO/KUHWDORGHUSODVPDVKHHW
WUDQVLHQW IORZV .DXULVWLH HW DO  LP 6FKZHLI GHU0DJQHWRVSKlUH (LQZHLWHUHU
)RUVFKXQJVVFKZHUSXQNW LVW GLH JOREDOH5HDNWLRQ GHV ,RQRVSKlUHQ]XVWDQGHV DXI JUR
VNDOLJHbQGHUXQJHQGHU5LFKWXQJXQG,QWHQVLWlWGHVLQWHUSODQHWDUHQ0DJQHWIHOGHV,0)
]%/HYLWLQHWDO.QLSSHWDO






















GLH0DJQHWIHOGVW|UXQJ DP%RGHQ]XEHUHFKQHQ’LH0RGHOOHIU( XQG( ZHUGHQVR
+ 3










0RGHOOLHUHQV DQJHVHKHQ ZHUGHQ 6LH LVW LQ GHU /DJH HLQH 9LHO]DKO XQWHUVFKLHGOLFKHU































































































7DEHOOH  hEHUVLFKW EHU DXVJHZlKOWH 0HWKRGHQ ]XU %HVWLPPXQJ GHU LRQRVSKlULVFKHQ (OHNWURG\QDPLN PLW
+LOIH YRQ %RGHQPHVVXQJHQ LQ GHU 6SDOWH Å%HPHUNXQJHQµ EHGHXWHQ ° YRUWHLOKDIWHU ± QDFKWHLOKDIWHU XQG
¯ DPELYDOHQWHU 3XQNW
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0DWVXVKLWD0LVKLQ .500HWKRGH 0LVKLQ HW DO  .DPLGH HW DO  HLQ
9RUZlUWVYHUIDKUHQGKGLHJHVXFKWHQ*U|HQZHUGHQDOV)XQNWLRQHQGHU(LQJDEHJU|HQ
GDUJHVWHOOW(VQXW]WQXU0HZHUWHYRQ XQG( ZLH( PVVHQYRUJHJHEHQZHUGHQ
+ 3






GLH $0,(0HWKRGH XPPLW GLHVHU5DQGEHGLQJXQJHQ IU GLH ORNDOH $QZHQGXQJ GHV
.50$OJRULWKPXV]XHUPLWWHOQ
’LH &KDUDNWHULVWLNHQPHWKRGH LVW HEHQIDOOV HLQH 9RUZlUWVPHWKRGH 6LH ZXUGH DQ
$UEHLWHQ YRQ 6HJDW]  XQG.UVFKQHU  DQVFKOLHHQG YRQ ,QKHVWHU HW DO
 ]XU$QZHQGXQJ DXI ORNDOH8QWHUVXFKXQJVJHELHWH LQ NDUWHVLVFKHQ.RRUGLQDWHQ
EHVFKULHEHQXQGGDQQYRQ$PPLQLKUHU7KHRULHZHLWHUHQWZLFNHOWVRZLH
KLQVLFKWOLFK LKUHU $QZHQGEDUNHLW DQKDQG YRQ 0RGHOOHQ W\SLVFKHU LRQRVSKlULVFKHU
HOHNWURG\QDPLVFKHU6LWXDWLRQHQJHWHVWHW’LH0HWKRGHEHQ|WLJWIOlFKHQKDIWH0HZHUWH
YRQ XQG VRZLHHLQH$EVFKlW]XQJGHU9HUWHLOXQJYRQ DOV(LQJDEHJU|
















$EE 0LW GHP LQNRKlUHQWHQ 5DGDU (,6&$7 JHPHVVHQH
:HUWH YRQ ( XQG ( IU HLQ PDJQHWLVFK UXKLJHV REHQ XQG
+ 3
HLQ PDJQHWLVFK JHVW|UWHV XQWHQ ,QWHUYDOO DP  0lU]
 GLH GXUFKJH]RJHQHQ *HUDGHQ HQWVSUHFKHQ GHU EHVWHQ
$QSDVVXQJ DQ HLQHQ NRQVWDQWHQ :HUW YRQ  GLH
















YHUVWlUNXQJ VWDWWILQGHW XQG GDV GXUFK
%RGHQPDJQHWIHOGVW|UXQJHQ ELV ]X
 Q7 JHNHQQ]HLFKQHW LVW ,Q EHLGHQ
)lOOHQ DXFK LQ GHP UXKLJHQ ,QWHUYDOO
YDULLHUHQ XQG LQQHUKDOEGHU,Q
WHUYDOOH HUKHEOLFK ZlKUHQG  VLFK MH
ZHLOV JXW DOV GXUFK GLH 6WHLJXQJ GHU
GXUFKJH]RJHQHQ *HUDGHQ JHJHEHQHU





QHVZHJV Y|OOLJ IUHLHU 3DUDPHWHU ’HU
(LQIOXGLHVHUJHVFKlW]WHQ9HUWHLOXQJDXIGLH(UJHEQLVVHGHU&KDUDNWHULVWLNHQPHWKRGH












LRQRVSKlULVFKH 6WURPV\VWHP DXI HLQHP HUKHEOLFK JU|HUHQ*HELHWPRGHOOLHUWZHUGHQ
PXXPGHQ(IIHNWGHU6WU|PHDXHUKDOEGHV0RGHOOJHELHWHVNRUUHNW]XEHUFNVLFKWLJHQ
EHQ|WLJWGLH&KDUDNWHULVWLNHQPHWKRGHNHLQH’DWHQDXHUKDOEGHVHLJHQWOLFKHQ0RGHOO


















GLH Q|WLJHQ (LQJDEHPHGDWHQ IU  ]%PLW GHQ NRKlUHQWHQ 5DGDUDQODJHQ 67$5(
*UHHQZDOGHWDO1LHOVHQRGHU0LOOVWRQH+LOO]%)RVWHUXQG7HWHQEDXP
ELVKHUQXUDXI*HELHWHQHLQHU*U|HQRUGQXQJYRUODJHQIUGLHGLHVH9HUQDFKOlVVL
JXQJ LQ JXWHU 1lKHUXQJ JHUHFKWIHUWLJW LVW ’LH QHXHQ NRKlUHQWHQ 5DGDUDQODJHQ GHU











 ,VW HLQH VROFKH KLHU ¯VSKlULVFKH 9DULDQWHµ GHU &KDUDNWHULVWLNHQPHWKRGH
JHQDQQWH0HWKRGH LQ LKUHU QXPHULVFKHQ 5HDOLVDWLRQ LQ GHU /DJH HLQH DXI HLQHU




















6 )OlFKHQKDIWH 9HUWHLOXQJHQ ZHUGHQ EHQ|WLJW XP GLH (OHNWURG\QDPLN GHU ,R
QRVSKlUHQVFKLFKW YROOVWlQGLJ ]X EHVFKUHLEHQ VR VLQG ]% GLH IHOGSDUDOOHOHQ




























’DV IROJHQGH .DSLWHO  EHVFKUHLEW GLH 7KHRULH GHU &KDUDNWHULVWLNHQPHWKRGH LQ
VSKlULVFKHQ .RRUGLQDWHQ VRZLH GLH GHU HUIRUGHUOLFKHQ +LOIVRSHUDWLRQHQ ZLH VLH LQ
)UDJHVWHOOXQJREHQEHVFKULHEHQVLQG=XGHPZLUGGLH=HUOHJXQJEHOLHELJHULRQRVSKlUL


















































GLYHUJHQ]IUHLH XQG URWDWLRQVIUHLH VSKlULVFKH (OHPHQWDUVWURPV\VWHPH ]HUOHJHQ ODVVHQ
’LHVH=HUOHJXQJZLUGGDQQGD]XEHQXW]W ]X ]HLJHQGDGHU URWDWLRQVIUHLH$QWHLOGHV
JHJHEHQHQ6WURPV\VWHPV]XVDPPHQPLWDOVUDGLDOIOLHHQGDQJHQRPPHQHQIHOGSDUDOOHOHQ
6WU|PHQ GLH VLFK DXV GHQ ’LYHUJHQ]HQ GLHVHV $QWHLOV HUJHEHQ XQDEKlQJLJ YRQ GHU
LRQRVSKlULVFKHQ /HLWIlKLJNHLWVYHUWHLOXQJ NHLQH0DJQHWIHOGVW|UXQJ DP %RGHQ HU]HXJW
=XGHP ZLUG DP0RGHOOEHLVSLHO HLQHV &RZOLQJ.DQDOV HLQH ZHLWHUH $QZHQGXQJ GHU
(OHPHQWDUVWURPV\VWHPHLOOXVWULHUW
$EVFKQLWWHQWKlOWGLH.HUQJOHLFKXQJHQGHU&KDUDNWHULVWLNHQPHWKRGHLQVSKlUL






























’LH ,RQRVSKlUH ZLUG DOV XQHQGOLFK GQQH OHLWHQGH .XJHOVSKlUH LP 5DGLXV
 YRP (UGPLWWHOSXQNW DOVR  NP REHUKDOE GHU (UGREHUIOlFKH DQ
JHQRPPHQ’LHVHU$EVWDQG]ZLVFKHQ,RQRVSKlUHXQG(UGREHUIOlFKHZLUGLQ$QOHKQXQJ
DQHLQH9LHO]DKO IUKHUHU6WXGLHQGLHPLW+LOIHYRQ%RGHQPDJQHWIHOGPHVVXQJHQGHQ










+DOO XQG 3HGHUVHQ/HLWIlKLJNHLWHQ REHUKDOE GHU ,RQRVSKlUH DOV YHUVFKZLQGHQG DQ
JHQRPPHQZHUGHQVWUHEWGRUWZLHLQGHU,RQRVSKlUHGLH/HLWIlKLJNHLW SDUDOOHO]XGHQ
JHRPDJQHWLVFKHQ )HOGOLQLHQ JHJHQ XQHQGOLFK 8QWHUKDOE GHU ,RQRVSKlUH VROOHQ DOOH
/HLWIlKLJNHLWHQYHUVFKZLQGHQ




PLNGHU ,RQRVSKlUHYRQ,QWHUHVVH LVW GK6NDOHQOlQJHQDEHWZDNP VWHOOHQGLH




















VFKHQ )XSXQNW DQJHJHEHQ )HOGSDUDOOHOH 6WU|PH XQG GDV ,QWHJUDO GHU IHOGSDUDOOHOHQ
6WURPGLFKWH EHU HLQ *LWWHUSXQNWJHELHW ZHUGHQ VWHWV LGHQWLIL]LHUW $EE  JLEW HLQH
VFKHPDWLVFKHhEHUVLFKWEHUGLHREHQVNL]]LHUWHQ0RGHOODQQDKPHQ
:HLWHUHDOOJHPHLQH9RUDXVVHW]XQJHQIUGLHIROJHQGHQ8QWHUVXFKXQJHQVLQG
 :HJHQ REHUKDOEXQG LQGHU,RQRVSKlUHVLQGGLH(UGPDJQHWIHOGOLQLHQ







GHU (UGH DOV 1RUGSRO GHV .RRUGLQDWHQV\VWHPV YHUZHQGHW 8P MHGRFK GLH 1RWDWLRQ
P|JOLFKVW GHQ LQ GHU *HRSK\VLN EOLFKHQ .RQYHQWLRQHQ DQ]XSDVVHQ ZLUG IU 2UWV
3M ð 3% 
 /3
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 3% “ /3 3M




DQJDEHQ GHUQDFK1RUGHQSRVLWLYHbTXDWRUZLQNHO GHU DOVPLW GHU JHRJUDSKLVFKHQ
%UHLWHLGHQWLVFKDQJHQRPPHQZLUGGHUQDFK2VWHQSRVLWLYH/lQJHQZLQNHOQGHUDOVPLW
GHUJHRJUDSKLVFKHQ/lQJHLGHQWLVFKDQJHQRPPHQZLUGXQGGHUUDGLDOH$EVWDQGUYRP























IHOGOLQLHQ N|QQHQ MHGRFK PLW VLFK YHUULQJHUQGHU (UGPDJQHWIHOGVWlUNH LQ JU|HUHP
(UGDEVWDQGHUKHEOLFKYRQGHVVHQ)OXULFKWXQJDEZHLFKHQ’DGHU9HUODXIGLHVHU6WU|PH
LQ GHU0DJQHWRVSKlUH LQ XQVHUHP.RQWH[W QXU KLQVLFKWOLFK GHUHQ %RGHQPDJQHWIHOG














































































































ZREHL  GLH K|KHQLQWHJULHUWH /HLWIlKLJNHLW SDUDOOHO ]XP0DJQHWIHOG GHU
:LQNHO]ZLVFKHQGHQ0DJQHWIHOGOLQLHQXQGGHU1RUPDOHQDXIGLH,RQRVSKlUH
XQG  VLQG’LHVHU7HQVRU LVWPLWGHPSULPlUHQHOHN
WULVFKHQ)HOGDQ]XZHQGHQXQGHQWKlOWZLHGHULQ*ONHLQH .RPSRQHQWHQ


















$EE  .RPSRQHQWHQ GHV /HLWIlKLJNHLWVWHQVRUV JHJHQ GHQ 3ROZLQNHO  XQWHU %HUFNVLFKWLJXQJ GHV
3RODULVDWLRQVHIIHNWHV IU HLQ DOV 'LSROIHOG DQJHQRPPHQHV (UGPDJQHWIHOG GHVVHQ 1RUGSRO PLW GHP








VFKHQ GHQ7HQVRUHOHPHQWHQ DXV*O  XQG  LVW SUDNWLVFK XQPHUNOLFK IU
 ELV PLW HWZD LPPHUQRFK DN]HSWDEHO VWHLJW GDQQ DEHU
GUDPDWLVFKJHJHQGHQbTXDWRUKLQDQ
)ROJOLFK HUJLEW GLH $QQDKPH UDGLDOHU 0DJQHWIHOGOLQLHQ KLQVLFKWOLFK GHV
2KP•VFKHQ*HVHW]HVlTXDWRUZlUWVHLQHU%UHLWHYRQHWZDQLFKWKLQQHKPEDUH
)HKOHU)U8QWHUVXFKXQJHQLQSRODUHQ%UHLWHQLVWGHU)HKOHUMHGRFKPDUJLQDO
 $ NP 
(
+































$EE  0RGHOOLHUWHV LRQRVSKlULVFKHV 6WURPV\VWHP ]XU $EVFKlW]XQJ GHV 0DJQHWIHOGHIIHNWHV JHQHLJWHU
IHOGSDUDOOHOHU 6WU|PH )$&V DP %RGHQ EHVWHKHQG DXV HLQHP DEZlUWV IOLHHQGHQ )$& LQ GHU 0LWWH GHV
0RGHOOJHELHWHV VFKDWWLHUW GHVVHQ *LWWHUSXQNWEHUHLFK XQG GHQ VLFK EHL XQLIRUPHQ /HLWIlKLJNHLWHQ GDUDXV








 >@ Q >@ PLW GHQ *LWWHUSXQNWDEVWlQGHQ   XQG
Q ZLUGHLQHLQ]HOQHUDEZlUWVIOLHHQGHUIHOGSDUDOOHOHU6WURPVWDEGHU6WURP
GLFKWH DXIGHQ*LWWHUSXQNWEHL Q JHVHW]W’LHLRQRVSKlUL
VFKHQ /HLWIlKLJNHLWHQ ZHUGHQPLW  XQG DOV XQLIRUP DQ
























$EE  4XRWLHQW GHV $EVROXWEHWUDJHV GHU 0DJQHWIHOGVW|UXQJ DP %RGHQ YRP 6\VWHP
DXV 3HGHUVHQ6WU|PHQ XQG )$& ]X GHP DXV +DOO6WU|PHQ ZLH LQ $EE  PRGHOOLHUW







ZLUNXQJ XQWHUKDOE GHU ,RQRVSKlUH JHUDGH JHJHQ GLH GHU LRQRVSKlULVFKHQ










HUIROJWHPLWWHOV HLQHU%LRW6DYDUW,QWHJUDWLRQ %HL GHU%HXUWHLOXQJ GHU DQ GHQ
.DSLWHO  7KHRULH

$EE  :LH $EE  MHGRFK IU HLQHQ 1HLJXQJVZLQNHO GHV )$& YRQ  
HQWVSUHFKHQG  PDJQHWLVFKHU %UHLWH LP 'LSROIHOG
$EE  :LH $EE  MHGRFK IU HLQHQ 1HLJXQJVZLQNHO GHV )$& YRQ  
HQWVSUHFKHQG  PDJQHWLVFKHU %UHLWH LP 'LSROIHOG
5lQGHUQLQ$EE$EEJH]HLJWHQ:HUWHLVW]XEHUFNVLFKWLJHQGDD5DQG
IHKOHU GXUFK GLH IHKOHQGHQ KRUL]RQWDOHQ ,RQRVSKlUHQVWU|PH DXHUKDOE GHV
.DSLWHO  7KHRULH

0RGHOOJHELHWHV DXIWUHWHQ GLH LP)DOO GHU3HGHUVHQ6WU|PHGHQPDJQHWLVFKHQ
(IIHNWGHV]HQWUDOHQIHOGSDUDOOHOHQ6WURPHVZHLWHUNRPSHQVLHUHQZUGHQXQG
GDEGLHWRWDOH0DJQHWIHOGVW|UXQJEHLGHU6\VWHPHDP5DQGHVHKUNOHLQLVWVR






































































 YROO DXVJHDUEHLWHW ,P VWURPIUHLHQ *HELHW JLOW QHEHQ  ]XVlW]OLFK
 6RPLW H[LVWLHUW GRUW HLQPDJQHWLVFKHV3RWHQWLDO0PLW  GDVGLH
/DSODFH*OHLFKXQJ HUIOOW’HU9RUWHLOGHU6+$JHJHQEHUDQGHUHQ%HVFKUHL
EXQJVP|JOLFKNHLWHQYJO]%+DLQHVEHVWHKWGDULQGDLKUH(QWZLFNOXQJYRQ




’D GLH%DVLVIXQNWLRQHQ GHU 6+$ VLFK MHGRFK EHU GLH JHVDPWH(UGREHUIOlFKH HU
VWUHFNHQHUJHEHQVLFK3UREOHPHZHQQGDVLQWHUHVVLHUHQGH*HELHWDXIGHP’DWHQIU
YRUOLHJHQ XQG DXI GHP HV HQWZLFNHOW ZHUGHQ VROO QXU HLQHQ 7HLO GHU (UGREHUIOlFKH
XPIDW=XPHLQHQ VLQGGLHKDUPRQLVFKHQ.RHIIL]LHQWHQGHU 6+$GDQQ VFKOHFKWGH
ILQLHUWRGHUHVPVVHQPRGHOOLHUWH¶YLUWXHOOH•’DWHQSXQNWHKLQ]XJHIJWZHUGHQ=XP
DQGHUHQ EHWUlJW GLH NOHLQVWH:HOOHQOlQJH
GLH PLW GHU 6+$ DXIJHO|VW ZHUGHQ NDQQ
ZREHL GHUK|FK
VWH LQ GHU 6+$(QWZLFNOXQJ YHUZHQGHWH
*UDG LVW )U HLQH JHZQVFKWH $XIO|VXQJ






































































































































HU]HXJWHQPDJQHWLVFKHQ3RWHQWLDOV JDQ]]DKOLJH=lKOLQGLFHV VLQG XQG  E]Z  GLH
$Q]DKO GHU IU GLH (QWZLFNOXQJ EHQXW]WHQ LQWHUQHQ E]Z H[WHUQHQ .RHIIL]LHQWHQ EH







N P DXIWDXFKWLQZHOFKHP)DOOH XQDEKlQJLJYRQ HEHQIDOOVGHQ:HUW
DQQLPPW:HJHQ  VSLHJHOWGLHVHU7HUPGHQ0LWWHOZHUWYRQ0ZLHGHUGHU LP
*HJHQVDW] ]XP)DOO GHU JHVDPWHQ(UGREHUIOlFKH EHU GHU VSKlULVFKHQ.DSSH QLFKW D
SULRULYHUVFKZLQGHQPX







































k m 0 1 2 3 4 5 6 7 8
0 0.00
1 6.38 4.84
2 10.49 10.49 8.36
3 15.31 14.79 14.26 11.69
4 19.60 19.60 18.75 17.86 14.93
5 24.29 23.97 23.64 22.53 21.36 18.13
6 28.65 28.65 28.09 27.52 26.20 24.79 21.29
7 33.28 33.04 32.81 32.05 31.28 29.78 28.18 24.43
8 37.67 37.67 37.25 36.83 35.91 34.97 33.30 31.52 27.55
























































.RHIIL]LHQWHQ XQG GXUFK$QSDVVHQYRQ HQWVSUHFKHQG*ODQ
GLHJHJHEHQHQ%HREDFKWXQJHQHUPLWWHOW’DQQZLUGGHUGXUFKlXHUH4XHOOHQHU]HXJWH
$QWHLO YRQ  VHSDULHUW LQGHPQXUGLH ]ZHLWH H[WHUQH6XPPH LQ EHQXW]WZLUG
(LQVHW]HQYRQ LQGLHVH6XPPHHUJLEWVFKOLHOLFKGLH)RUWVHW]XQJDXI,RQRVSKlUHQ
K|KH&RPSXWHUSURJUDPPHIUGLHVHQ=ZHFNZXUGHQYRQ+DLQHVJHJHEHQ)U
GHQ HUVWHQ 6FKULWW GHU 5HJUHVVLRQVDQDO\VH ]XU %HVWLPPXQJ GHU 6&+$.RHIIL]LHQWHQ
EHQXW]HQ GLHVH 3URJUDPPHQ HLQHQ YRQ (IUR\PVRP HQWZLFNHOWHQ $OJRULWKPXV VLHKH
’UDSHUXQG6PLWKGHUXPGLHJHJHEHQHQ)UHLKHLWVJUDGHRSWLPDO]XQXW]HQQXU
.RHIIL]LHQWHQ YHUZHQGHW GLHPLW HLQHU YRUJHEEDUHQ VWDWLVWLVFKHQ6LJQLILNDQ] ]XU9HU
EHVVHUXQJGHU$QSDVVXQJEHLWUDJHQ
’LHVH3URJUDPPHZXUGHQLQGHU/LWHUDWXUDXVJLHELJHQ7HVWVXQWHU]RJHQDPDXVIKU
OLFKVWHQ GXUFK+DLQHV  +DLQHV XQG 7RUWD  VRZLH 7RUWD XQG GH 6DQWLV
,PIROJHQGHQVROOHQHLQLJH+LQZHLVHEHUP|JOLFKH3UREOHPHEHLGHU$QZHQGXQJ
GHU6&+$JHJHEHQZHUGHQ:LHEHUHLWV+DLQHVIHVWVWHOOWHN|QQHQDQGHP
5DQG  LP=XJH GHU )HOGIRUWVHW]XQJ QDFK REHQ )HKOHU DXIWUHWHQ GLH VLFKPLW
]XQHKPHQGHU)RUWVHW]XQJVK|KHLQGLH.DSSHKLQHLQDXVEUHLWHQ(UHUNOlUWHGLHVH)HKOHU
PLW GHU IHKOHQGHQ XQDEKlQJLJHQ.RQWUROOH GHU ]ZHLWHQ XQGK|KHUHQ$EOHLWXQJHQ DQ
GLHVHP5DQGYJO*O(UIDKUXQJVJHPlUHLFKWHVEHLGHU)HOGIRUWVHW]XQJYRP%RGHQ
]XU,RQRVSKlUHDXVGLHVSKlULVFKH.DSSHJU|HU]XZlKOHQDOVGXUFKGLH’DWHQ
SXQNWHE]ZGDV LQWHUHVVLHUHQGH*HELHW YRUJHJHEHQXPGHQ(LQIOX MHQHU)HKOHU DXV
GLHVHV *HELHW ]XPLQLPLHUHQ  7RUWD XQG GH 6DQWLV  EHULFKWHQ GD EHL GHU
6&+$QXPHULVFKH3UREOHPHDXIWUHWHQZHQQYHUVXFKWZLUGJURH:HOOHQOlQJHQEHULP
9HUJOHLFKNOHLQHVSKlULVFKH.DSSHQ]XPRGHOOLHUHQ’LHJU|WHDXIGHP(UGERGHQPLW














$EE  ,OOXVWUDWLRQ GHU %H]LHKXQJ ]ZLVFKHQ HLQHP lTXLYDOHQWHQ 6WURPVHJPHQW
XQG GHU +RUL]RQWDONRPSRQHQWH VHLQHU 0DJQHWIHOGVW|UXQJ IU HLQH HEHQH XQG
HLQH .XJHOVFKDOHQ,RQRVSKlUH
WLVFKHQ6lNXODUYDULDWLRQHQGHV+DXSWIHOGHVGHU(UGHEHU,WDOLHQVFKOHFKWJHHLJQHWLVW)U














GHU ,RQRVSKlUH  XQGGHQ LKU HQWVSUHFKHQGHQ lTXLYDOHQWHQ ,RQRVSKlUHQVWU|PHQ
 LVW IU HLQH HEHQH ,RQRVSKlUH LQ NDUWHVLVFKHU *HRPHWULH ORNDO QlPOLFK



























$EE  1LFKWORNDOHU $QWHLO GHU KRUL]RQWDOHQ0DJQHWIHOGVW|UXQJ HLQHV EHL 
%UHLWH PLW  P$P 6WlUNH LQ 2VWULFKWXQJ IOLHHQGHQ LRQRVSKlULVFKHQ































LOOXVWULHUHQ ]HLJW $EE  GLH PLWWHOV %LRW6DYDUW,QWHJUDWLRQ EHUHFKQHWH KRUL]RQWDOH


















GHUQ KDEHQ DXFK HLQH HWZDVXQWHUVFKLHGOLFKH 6WUXNWXU GDK|KHUH:HOOHQ]DKOHQEHLP
3UR]HGHU)HOGIRUWVHW]XQJ]XGHQ4XHOOHQKLQUHODWLYYHUVWlUNWZHUGHQYJO*OVRZLH






























































LP9HUJOHLFK ]XPXQLIRUPHQ)DOO DQ XQG ]HLJWH GDEHL DXFK DXIZLH YHUVFKLHGHQ GLH
WDWVlFKOLFKHQ ,RQRVSKlUHQVWU|PH YRQ GHQ lTXLYDOHQWHQ 6WU|PHQ DXVVHKHQ N|QQHQ
(EHQIDOOVXQLIRUPH/HLWIlKLJNHLWHQDQQHKPHQGHUZHLWHUWH7DPDRVHLQHIUKHUH






/HLWIlKLJNHLWHQ RGHU GDV HOHNWULVFKH )HOG ]X PDFKHQ 6LH ]HLJWHQ GDUEHU KLQDXV HLQ
%HLVSLHO IU GLHVH $XIVSDOWXQJ RKQH DOOHUGLQJV *OHLFKXQJHQ IU GLH GDEHL EHQXW]WHQ
%DVLVIXQNWLRQHQDQ]XJHEHQ(LQ%HLVSLHOIUGLH$QZHQGXQJGHUVHOEHQ7HFKQLNDXIHLQ
2PHJD%DQGILQGHWVLFKLQ$PPE
 6SKlULVFKH (OHPHQWDUVWURPV\VWHPH XQG LKUH 6XSHUSRVLWLRQ ]X UHDOHQ 6WURP
V\VWHPHQ
,QGLHVHP$EVFKQLWWZHUGHQ]ZHL$VSHNWHEHKDQGHOW’HU+DXSWDVSHNWLVWGLHUHLQ






8P HLQ URWDWLRQVIUHLHV(OHPHQWDUVWURPV\VWHP ]XNRQVWUXLHUHQSOD]LHUHQZLU HLQH
’LYHUJHQ]YRQ GHU6WlUNH LQSK\VLNDOLVFKHQ%HJULIIHQJHVSURFKHQDOVRHLQHQ)$&
GHUZLHVWHWVLQGLHVHU$UEHLWDOVUDGLDOIOLHHQGDQJHQRPPHQZLUGDQHLQH6WHOOHGHU
,RQRVSKlUHQ.XJHOVFKDOH GLHZLU ¯3ROµ GHV (OHPHQWDUVWURPV\VWHPHV QHQQHQ XQG DOV
1RUGSROHLQHVVSKlULVFKHQ.RRUGLQDWHQV\VWHPV GHILQLHUHQGHVVHQ(LQKHLWV


















































GLH GXUFK GHQ )$& DP 3RO YHUXUVDFKWHQ 6WU|PH DOV LP 8QHQGOLFKHQ ]XUFNIOLHHQG
DQJHQRPPHQZHUGHQN|QQHQ’DZLUGDV6WURPV\VWHPVRJHZlKOWKDEHQGDGLHIUGHQ
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$EE  6FKHPDWLVFKH 6NL]]H GHV URWDWLRQVIUHLHQ OLQNV XQG GLYHUJHQ]IUHLHQ UHFKWV LRQRVSKlULVFKHV
(OHPHQWDUVWURPV\VWHPV GXUFKJH]RJHQH 3IHLOH LQ GHU $EELOGXQJ OLQNV ]XGHP DP 3RO GHV
(OHPHQWDUVWURPV\VWHPHV LQ GLH ,RQRVSKlUH KLQHLQIOLHHQGHU )$& GLFNHU JHVWULFKHOWHU 3IHLO DEJHVHKHQ
YRQ GLHVHP 3RO DXI GHU JDQ]HQ .XJHOVFKDOH KRPRJHQ DEIOLHHQGH 5FNVWURP)$&V GQQH JHVWULFKHOWH
3IHLOH
HUVWUHFNW$XHU LQ VHLQHP3ROKDWGDV 6\VWHPHLQH DXIGHU JDQ]HQ6SKlUHNRQVWDQWH
5RWDWLRQYRQ $EE]HLJW HLQH VFKHPDWLVFKH ,OOXVWUDWLRQGHVGL
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ZREHL  XQG  GLH.RRUGLQDWHQ YRQ  LQ GHP VSKlULVFKHQ.RRUGLQDWHQV\VWHPPLW
1RUGSRO EHL  EH]HLFKQHQ XQG  VRZLH  GLH KRUL]RQWDOHQ (LQKHLWVYHNWRUHQ LQ
OHW]WHUHP 6\VWHP VLQG )U  KDEHQZLU YRP*DX•VFKHQ XQG 6WRNH•VFKHQ*HVHW]
*HEUDXFK EHPDFKW XP GLH %H]LHKXQJHQ  XQG
DE]XOHLWHQZREHL HLQNUHLVI|UPLJHV,RQRVSKlUHQJHELHW
PLW5DGLXV XP LVWXQG GLHMHZHLOLJHQ.RQVWDQWHQGHU(OHPHQWDUV\VWHPHPLW









































$OV (LQJDEHJU|HQ IU HLQH$QDO\VH GHV JHVDPWHQ URWDWLRQV XQG GLYHUJHQ]IUHLHQ






IOXWGDYRQZLH HU]HXJWZXUGH6RPLWVLQG$QQDKPHQEHU  RGHU ZHGHU

















IUHLHU$QWHLO HLQ0DJQHWIHOGXQWHUKDOEGHU ,RQRVSKlUHHU]HXJW2EZRKO  ORNDO













QXU DXIJUXQG YRQ:LUEHOVWUXNWXUHQ LQ GHU ERGHQPDJQHWLVFKHQ 6W|UXQJ DXI )$&V ]X
VFKOLHHQ’LHVHUOHW]WH3XQNWZLUG]XGHPJHVRQGHUWLQ$EVFKQLWWDXIJHJULIIHQ
)DOOVGLHLRQRVSlULVFKHQ/HLWIlKLJNHLWHQLQHLQHPOlQJOLFKHQ6WUHLIHQGHU,RQRVSKlUH
VWDUN HUK|KW VLQG XQG GDV SULPlUH HOHNWULVFKH )HOG SDUDOOHO ]XU OlQJHUHQ 6HLWH GHV
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$EE  6FKHPDWLVFKH 6NL]]H GHV 0RGHOOHV HLQHV &RZOLQJ.DQDOV 'DV VFKDWWLHUWH *HELHW
VWHOOW GHQ .DQDO GDU LQ GHP GLH +DOO XQG 3HGHUVHQ/HLWIlKLJNHLWHQ HUK|KW VLQG
ZRKLQJHJHQ VLH DXHUKDOE GHV .DQDOV YHUVFKZLQGHQ 'LH 9HNWRUHQ EH]HLFKQHQ GLH 5LFKWXQJ
XQG 6WlUNH GHU JHVDPWHQ 6WU|PH  GHU +DOO XQG 3HGHUVHQ6WU|PH XQG  VRZLH GHV
HOHNWULVFKHQ )HOGHV LQQHUKDOE GHV .DQDOV .UHLVH PLW 3OXV XQG 0LQXV=HLFKHQ VWHKHQ IU



















$EE  5RWDWLRQVIUHLHU $QWHLO GHU +DOO6WU|PH HQWVSUHFKHQG GHQ SULPlUHQ
+DOO6WU|PHQ






$EE  'LYHUJHQ]IUHLHU $QWHLO GHU +DOO6WU|PH HQWVSUHFKHQG GHQ VHNXQGlUHQ
+DOO6WU|PHQ






$EE  bTXLYDOHQWH 6WU|PH XQPLWWHOEDU XQWHUKDOE GHU ,RQRVSKlUH
HQWVSUHFKHQG GHU 6XPPH DXV $EE  XQG $EE 
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6WURPVWlUNHQ GHU MHZHLOLJHQ SULPlUHQ XQG VHNXQGlUHQ .DQDOVWU|PH NRUUHNW ZLHGHU







PDFKHQ’LH’LYHUJHQ]GHU lTXLYDOHQWHQ6WU|PH LVW LPPHU YHUVFKZLQGHQG’HQQRFK
ZLUG LQ YLHOHQ $UEHLWHQ YHUVXFKW XQWHU GHU $QQDKPH XQLIRUPHU /HLWIlKLJNHLWHQ DXV
:LUEHOQGHUlTXLYDOHQWHQ6WU|PHQDXI)$&V]XVFKOLHHQ]%)ULLV&KULVWHQVHQ
3HOOLQHQHWDO’LHVH9RUJHKHQVZHLVHVROOKLHUNXU]NULWLVFKEHOHXFKWHWZHUGHQ




OHQWHQ 6WU|PH HLQ]XEDXHQ ZLUG ZHLWHUKLQ  DQJHQRPPHQ ZDV PLW 
JOHLFKEHGHXWHQG ]X   LVW 8P GLHVH %HGLQJXQJ ]X HUIOOHQ PX HLQHUVHLWV














































































































LKUHU (QGJOHLFKXQJHQ ZHUGHQ ZLU GDKHU HLQ DOOJHPHLQHV NUXPPOLQLJHV RUWKRJRQDOHV
.RRUGLQDWHQV\VWHPT T T YHUZHQGHQGHVVHQXQG.RPSRQHQWHQ +RUL]RQWDO
  
NRPSRQHQWHQORNDOWDQJHQWLDO]XU,RQRVSKlUHXQGGHVVHQ.RPSRQHQWHVHQNUHFKWDXI
LKU ]XU(UGHKLQJHULFKWHW VLQG’LHPHWULVFKHQ)DNWRUHQ ]%$UINHQ IUGDV
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OLVFKVLQQYROOHU:HUWIU  XQG DQJHQRPPHQZHUGHQ





JLOW  VRGD( GLUHNWDXVGHQ(LQJDEHJU|HQEHUHFKQHWZHUGHQNDQQ ,Q
+















$0,(.50RGHU ,=0(00HWKRGHQ YJO$EVFKQLWWDEEHLGHQHQ MHZHLOVHLQ
HOHNWURVWDWLVFKHV3RWHQWLDOLQGHU,RQRVSKlUHYRUDXVJHVHW]WZLUG





VROFKHQ )lOOHQ DOV LQYHUVHV:HOOHQDXVEUHLWXQJVSUREOHP EHKDQGHOW XQGPLW0HWKRGHQ
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LKUHP:HJ YRQGHU ,RQRVSKlUH ]XU(UGH IROJOLFK K|FKVWHQV :HOOHQ]\NOHQ
YROOHQGHQ+LQVLFKWOLFKGHUUlXPOLFKHQ6NDOHQOlQJHEHWUlJWGLHPLQLPDODXIO|VEDUH





















































*HJHEHQ VHL HLQ 6DW] YRQ 0HGDWHQ ]  DQ GHQ 0HSXQNWHQ  PLW
N




















































GHU)XQNWLRQVZHUW DEJHVFKlW]WZHUGHQVROO LQQHUKDOEGHUNRQYH[HQ+OOH VR
ZLUGYRQHLQHU,QWHUSRODWLRQJHVSURFKHQDQGHUHQIDOOVYRQHLQHU([WUDSRODWLRQ2IIHQ






.RHIIL]LHQWHQGLHVHU)XQNWLRQHQ DQGLH’DWHQGLH JHVXFKWH9HUWHLOXQJ) ]X

















*HRPHWULH GHU 0HSXQNWYHUWHLOXQJ JHZRQQHQ ’LHVH 9HUIDKUHQ HUIOOHQ
SHUGHILQLWLRQHPXQGJHEHQORNDOH’HWDLOVGHU0HZHUWHJXWZLHGHU
$QGHUHUVHLWV VLQG LKUH$XVJDEHYHUWHLOXQJHQ) LDQLFKWEHUDOOGLIIHUHQ]LHUEDU




























EHUHLFK LP *HJHQVDW] ]X GHQ 0HWKRGHQ GHU .DWHJRULH  DXI GDV ,QWHUYDOO
EHVFKUlQNW
,QYHUVHGLVWDQFH0HWKRGH








:LUGL Q XQDEKlQJLJYRQ JHZlKOWVRKDWGLH0HWKRGHGHQZHLWHUHQ
REV
1DFKWHLO GD LP )DOOH LQKRPRJHQ YHUWHLOWHU 0HSXQNWH 0HSXQNWKlXIXQJHQ GHQ
(LQIOXYRQ5HJLRQHQPLWJHULQJHUHU0HSXQNWGLFKWHEHUGHFNHQN|QQHQXQGVRPLWGHU




WHQULFKWXQJHQ JHJHEHQH 4XDGUDQWHQ XQWHUWHLOW XQG DXV MHGHP 4XDGUDQWHQ QXU HLQH
YRUJHJHEHQH=DKOGHUQlFKVWHQ0HSXQNWHLQXQGYHUZHQGHWZHUGHQ’LHVKDW




KRPRJHQHU0HGDWHQYHUWHLOXQJ HLQH EUDXFKEDUH ,QWHUSRODWLRQVPHWKRGH GLH VLFK EH

























$EE  9RURQRL7HVVHODWLRQ OLQNV XQG HQWVSUHFKHQGH 'HODXQD\7ULDQJXODWLRQ HLQHV 6DW]HV YRQ




















EH]HLFKQHQ GLHVH 8QWHUWHLOXQJ DOV ¯GLH JUXQGOHJHQGHVWH XQG ZLFKWLJVWH JHRPHWULVFKH
.RQVWUXNWLRQGLHGXUFKHLQHQ6DW]LUUHJXOlUYHUWHLOWHU3XQNWHNRQVWUXLHUWZHUGHQNDQQµ
’LH’HODXQD\7ULDQJXODWLRQNDQQDXVGHU9RURQRL7HVVHODWLRQVHKUHLQIDFKGDGXUFK



























$EE  %DU\]HQWULVFKH .RRUGLQDWHQ '  ' ZREHL ' GLH
L
*HVDPWIOlFKH GHV 'UHLHFNHV LVW HUJLEW GLH EDU\]HQWULVFKH





HFNVLQQHQZLQNHODPJHULQJVWHQ LVW GK ˜VSLW]H•’UHLHFNHZHUGHQVRZHLWZLHP|JOLFK
YHUPLHGHQ,QQHUKDOEHLQHV.UHLVGHUGXUFKGLHGUHL(FNSXQNWHHLQHV’UHLHFNHVHLQHU







GXUFKGLH0HSXQNWH  XQG JHELOGHWHQ’HODXQD\’UHLHFN’DQQLVWGLH6XPPH
LQ*OEHUGLHVHGUHL3XQNWH]XQHKPHQXQG






YHUEXQGHQ ZLUG EH]HLFKQHQ ’LH
*HZLFKWVIDNWRUHQ  QHQQW PDQ
DXFK EDU\]HQWULVFKH .RRUGLQDWHQ
YJO$EE
’HU 9RUWHLO GLHVHU ,QWHU
SRODWLRQVPHWKRGHEHVWHKWGDULQGD






































$EE  'LH QDWXUDO QHLJKERXU.RRUGLQDWHQ GHV 3XQNWHV L EHL ; VLQG GHU 4XRWLHQW DXV GHP $QWHLO
GHU VFKZDU]HQ )OlFKH LQQHUKDOE GHV 9RURQRL3RO\JRQV YRQ L XQG GHU JHVDPWHQ VFKZDU]HQ )OlFKH
IU 'HWDLOV VLHKH 7H[W DXV 6DPEULGJH HW DO  PRGLIL]LHUW

VHLWHQVRZLHGDV9HUVFKZLQGHQGHU]ZHLWHQXQGDOOHUK|KHUHQ$EOHLWXQJHQLQQHUKDOEGHU





GLH 9RURQRL7HVVHODWLRQ GHU0HSXQNWH HLQVFKOLHOLFK GHV ,QWHUSRODWLRQVSXQNWHV
GHILQLHUWHQQDWUOLFKHQ1DFKEDUQYRQ GDU’LHVHQDWUOLFKHQ1DFKEDUQVHLHQPLW 








































(LQ1DFKWHLO EHLGHU EHVFKULHEHQHU7HVVHODWLRQVPHWKRGHQ LVW GD VLH NHLQH([WUD
SRODWLRQHUODXEHQ
+DUPRQLVFKH,QWHUSRODWLRQ
’LHVH ]XU .DWHJRULH  ]lKOHQGH0HWKRGH HUZlKQHQ ZLU ZHLO VLH LQ VSKlULVFKHU
*HRPHWULHGLUHNWPLWGHULQ$EVFKQLWWJHJHEHQHQ*OGXUFKJHIKUWZHUGHQNDQQ
6LQG GLH VSKlULVFKHQ KDUPRQLVFKHQ.RHIIL]LHQWHQ  XQG  HLQPDO JHIXQGHQ
LQGHPVLHPLWHLQHP2SWLPLHUXQJVDOJRULWKPXVVRODQJHYDULLHUWZHUGHQELVGLH(UJHEQLV
IXQNWLRQ0DXV*OGLHGHU)XQNWLRQ)LQGHU1RPHQNODWXUGLHVHV.DSLWHOVHQWVSULFKW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OLQHDUHQ7UHQGDGGLHUW’LH.RHIIL]LHQWHQE E E VRZLHD  ZHUGHQGXUFK/|VXQJ
   
GHVIROJHQGHQOLQHDUHQ *OHLFKXQJVV\VWHPVHUPLWWHOW




HUZDUWHQ VLQG6LH LVWDPZHQLJVWHQ IU VHKUXQHLQKHLWOLFK]ZLVFKHQGHQ0HSXQNWHQ
YDULLHUHQGH9HUWHLOXQJHQJHHLJQHW
.ULJLQJ
’LHVHV ,QWHUSRODWLRQVYHUIDKUHQ JHK|UW HEHQIDOOV ]X .DWHJRULH  2EZRKO HV LP
*HJHQVDW]]XPPLQLPXPFXUYDWXUH9HUIDKUHQDXVGHU*HRVWDWLVWLNVWDPPWOlWHVVLFK
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HLJHQVFKDIWHQ HLQHU0HYHUWHLOXQJ JOREDO GXUFK HLQH HLQ]HOQH )XQNWLRQ KLHU DOVR 
EHVFKUHLEWQLFKW]XHUZDUWHQLVWGDVLHNOHLQUlXPLJH7UHQGVLQGLHVHU9HUWHLOXQJZLGHU
VSLHJHOQNDQQ
’LH KLHU EHVFKULHEHQH 9DULDQWH GHV .ULJLQJ ZLUG DXFK ¯JHZ|KQOLFKHVµ .ULJLQJ
JHQDQQW=DKOUHLFKHZHLWHUH$EDUWHQGHU0HWKRGHIKUW&UHVVLHDXI(LQGLUHNWHU




$OOH ELVKHU LQ GLHVHP .DSLWHO GLVNXWLHUWHQ ,QWHUSRODWLRQVPHWKRGHQ ZXUGHQ ]XU
$QZHQGXQJDXIVNDODUH)HOGHUHQWZLFNHOW9HNWRUIHOGHUN|QQHQPLWLKQHQLQWHUSROLHUW
ZHUGHQLQGHPGLHVNDODUHQ.RPSRQHQWHQHLQ]HOQGHU,QWHUSRODWLRQXQWHU]RJHQZHUGHQ




HLQURWDWLRQVIUHLHV9HNWRUIHOG HLQ3RWHQWLDO PLW LQWHJULHUWGLHVHVLQWHU
SROLHUW XQG GXUFK *UDGLHQWHQELOGXQJ GDV LQWHUSROLHUWH  JHZRQQHQ (LQ DQDORJHV
9HUIDKUHQLVWIUGLYHUJHQ]IUHLH)HOGHUP|JOLFKZHQQGLH5RWDWLRQHQGHV)HOGHVQXULQ
HLQH .RRUGLQDWHQULFKWXQJ KLHU Y JHQDQQW ]HLJHQ LQGHP HLQ VNDODUHV )HOG  PLW
GHILQLHUWZLUG’DV3UREOHPGLHVHV$QVDW]HVEHVWHKWLQEHLGHQ)lOOHQLQGHU






9HNWRUHQ YRQ GHQ WDWVlFKOLFKHQ0HYHNWRUHQPLQLPDO ZHUGHQ ’LHVHV 9HUIDKUHQ LVW
MHGRFKHUVWHQVLQVHLQHUQXPHULVFKHQ5HDOLVDWLRQVHKU]HLWDXIZHQGLJXQG]ZHLWHQVHUJLEW
VLFKHUIDKUXQJVJHPlLQVEHVRQGHUHEHLJHULQJHU0HSXQNWGLFKWHIROJHQGHU(IIHNW:LUG
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,Q GLHVHP $EVFKQLWW ZLUG GDKHU GLH LQ $EVFKQLWW  JH]HLJWH (QWZLFNHOEDUNHLW











UHJXOlUHV*LWWHU S 3XQG T 4LQWHUSROLHUW
ZHUGHQZREHL XQG GLH$QIDQJVEUHLWHE]ZOlQJHGHV*LWWHUVXQG XQG GLH
*LWWHUSXQNWDEVWlQGHLQ%UHLWHQE]Z/lQJHQULFKWXQJVLQG’LHVHV*LWWHUZLUGDOV,QWHU
SRODWLRQVJLWWHUEH]HLFKQHW0LWDQDORJHQ%HQHQQXQJHQGHILQLHUHQZLUDOV]ZHLWHV*LWWHU
GDV KLHU VR EH]HLFKQHWH (OHPHQWDUV\VWHPJLWWHU  V 6 XQG
 W 7 $Q MHGHP GLHVHU *LWWHUSXQNWH EHILQGHW VLFK HLQ ZLH LQ
$EVFKQLWWGHILQLHUWHU3ROHLQHVGLYHUJHQ]IUHLHQXQGRGHUURWDWLRQVIUHLHQ(OHPHQWDU











































































































































GLYHUJHQ]IUHLHQ ˜GI•(OHPHQWDUV\VWHPH DP3RO  M JHQDQQWXQG VLQG LP IROJHQGHQ ]X
EHVWLPPHQ6LHHQWVSUHFKHQDOVRGHQ)DNWRUHQ LQ*O(VVHLHUZlKQWGDGXUFK
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LQWHUSROLHUHQ0DQZlKOH GDV(OHPHQWDUV\VWHPJLWWHU HUKHEOLFK JU|HU DOV GDV ,QWHU















ZREHLZHQQ GLH*U|H KDW GLHVHOEH*U|HXQG VRZLH GLH
*U|H EHVLW]HQ XQG VLQGRUWKRJRQDOH0DWUL]HQGKGLH6SDOWHQYRQ
XQGGLH=HLOHQYRQ VLQG%DVHQGHV GLPHQVLRQDOHQ5DXPHVDOOHUP|JOLFKHQ
.RPELQDWLRQHQGHU (OHPHQWDUV\VWHPH LVWGLDJRQDOXQGGLH’LDJRQDOHOHPHQWH







NOHLQHQ:HUWHQ YRQZ  YHUEXQGHQ VLQG IU’HWDLOV V 3UHVV HW DO  /HW]WHUH
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ZREHLGLH.RQVWDQWHQ]XF  N9F  N9G  G  XQG VRZLH
   
JHZlKOW ZHUGHQ ’DV HOHNWULVFKH )HOG GDV VLFK GXUFK DQDO\WLVFKH %HUHFKQXQJ YRQ
DXV*OVRZLH8PUHFKQXQJGHU(LQKHLWHQYRQN9LQP9PHUJLEWLVW








$EE  9LUWXHOOH 0HYHNWRUHQ DQ  ]XIlOOLJ EHVWLPPWHQ 0HSXQNWHQ
DXV *O  EHVWLPPW
$EE  ,QWHUSRODWLRQ PLW VSKlULVFKHQ (OHPHQWDUV\VWHPHQ 5RWDWLRQVIUHLHV

















1HEHQ GHQ %HPHUNXQJHQ LQ GHQ HLQ]HOQHQ $EVFKQLWWHQ NDQQ DOOJHPHLQ IHVWJHKDOWHQ
ZHUGHQ GD EHL GLFKWHU0HGDWHQEHOHJXQJ GLH HLQIDFKH LQYHUVH GLVWDQFH 0HWKRGH
PHLVWHQV JXW JHQXJ LVW %HL VFKZDFKHU0HGDWHQEHOHJXQJ N|QQHQPLW GHUPLQLPXP
FXUYDWXUH0HWKRGHRGHUGHP.ULJLQJ9HUIDKUHQRIWUHFKWJODWWH,QWHUSRODWLRQVIHOGHU
HU]HXJWZHUGHQ GLH DEHU LQ*HELHWHQ VHKU VFKZDFKHU %HOHJXQJ ]XP ¯’XUFKKlQJHQµ
QHLJHQ’LHVHU(IIHNWZLUGPLWGHUQDWXUDOQHLJKERXU0HWKRGHYHUPLHGHQGLHMHGRFK
GHQ 1DFKWHLO KDW NHLQH ([WUDSRODWLRQ ]X]XODVVHQ (LQH ZHLWHUH DXFK EHL VFKZDFKHU

















































$EE  0RGHOOLHUWHV LRQRVSKlULVFKHV HOHNWULVFKHV 3RWHQWLDO 0
LQ N9 DXI GHU Q|UGOLFKHQ 3RODUOLFKW]RQH



















































’LH DXV GHQ0RGHOOYHUWHLOXQJHQ EHUHFKQHWHQ(LQJDEHSDUDPHWHU& XQG’ IU GLH
&KDUDNWHULVWLNHQPHWKRGHVLQGLQ$EEXQG$EEDEJHELOGHW&VSLHJHOWLPZHVHQWOL






$EE  0RGHOOLHUWHV /HLWIlKLJNHLWVYHUKlOWQLV  IU GLH
Q|UGOLFKH 3RODUOLFKW]RQH
$EE  6LFK DXV GHQ 0RGHOOYHUWHLOXQJHQ GHU $EE $EE  HUJHEHQGH
IHOGSDUDOOHOH 6WU|PH LQ GHU Q|UGOLFKHQ 3RODUOLFKW]RQH
GHQ0RGHOOYHUWHLOXQJHQ ]XNRPPHQGH (LJHQVFKDIW ZLUG LP )DOOH YRQ& XQG’ QRFK
GDGXUFK YHUVWlUNW GD OHW]WHUH VLFK DXV ’LIIHUHQWLDWLRQHQ GHU HUVWHUHQ HUJHEHQ ’LH
.DSLWHO  0RGHOODQZHQGXQJ

$EE  3DUDPHWHU & LQ  9P  DXI GHU Q|UGOLFKHQ 
3RODUOLFKW]RQH DXV GHQ 0RGHOOYHUWHLOXQJHQ EHUHFKQHW
$EE  3DUDPHWHU ' LQ  $P  DXI GHU Q|UGOLFKHQ 
3RODUOLFKW]RQH DXV GHQ 0RGHOOYHUWHLOXQJHQ EHUHFKQHW







$EE  &KDUDNWHULVWLNHQ DXI GHU Q|UGOLFKHQ 3RODUOLFKW]RQH
’LH VLFK DXV XQVHUHP0RGHOO HUJHEHQGHQ &KDUDNWHULVWLNHQ $EE  ]HLJHQ DOV







WHULVWLNHQPHWKRGH DOVR  XQG  DXV GHQHQ  XQG& EHUHFKQHW ZHUGHQ VRZLH’

























ODXIHQ XQG GDEHL ]7 ]XQlFKVW YRQ 6GHQ KHU DXI GHQ &KDUDNWHULVWLNHQVWUHLIHQ GHU
+DUDQJ’LVNRQWLQXLWlW WUHIIHQ %H]JOLFK GLHVHU ’LVNRQWLQXLWlW LVW GLH 7RSRORJLH GHU
&KDUDNWHULVWLNHQLQXQVHUHP0RGHOONRQVLVWHQWPLWGHUYRQ,QKHVWHUHWDOXQG
$PPEDXIHUKHEOLFKNOHLQHUHQ*HELHWHQDXV’DWHQDEJHOHLWHWHQ




















8QJHQDXLJNHLWHQN|QQHQ VLFKHQWODQJ VHKU ODQJHU&KDUDNWHULVWLNHQDNNXPXOLHUHQXQG
GDGXUFKGLH/|VXQJIU HQWODQJVROFKHU&KDUDNWHULVWLNHQDEHLQHUEHVWLPPWHQ:HJ








$EE  $XVJDEHYHUWHLOXQJ GHU &KDUDNWHULVWLNHQPHWKRGH







































:LH LQ GHU (LQOHLWXQJ GHILQLHUW EHVWHKW GLH ,QWHQWLRQ GLHVHU $UEHLW LQ %H]XJ DXI
0HGDWHQ GDULQ LQVWDQWDQH 9HUWHLOXQJHQ GHU IOlFKHQKDIWHQ PDNURVNRSLVFKHQ (OHN
WURG\QDPLNGHU,RQRVSKlUH]XXQWHUVXFKHQ’LHVH,QWHQWLRQVWHOOWPHKUHUH.ULWHULHQDQ
GLHIUHLQ(UHLJQLVYRUOLHJHQGHQ’DWHQGLH]XVDPPHQPLWDOOJHPHLQHQ.ULWHULHQNXU]




 (VPVVHQJOHLFK]HLWLJ]ZHLGLPHQVLRQDOH9HNWRUGDWHQYRQ XQG DXIVLFK
EHUODSSHQGHQ *HELHWHQ YRUOLHJHQ HLQH HLQ]HOQH HLQGLPHQVLRQDOH0DJQHWR











’ 3U 5 






























.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ


,QWHUSRODWLRQ GHU0HGDWHQ DXI HLQ *LWWHU GHU IU GLH $QDO\VH JHZQVFKWHQ
)HLQKHLW ]X JHVWDWWHQ(LQH JUREH$EVFKlW]XQJGHU NOHLQVWHQPLW HLQHP0H
GDWHQVDW] DXIO|VEDUHQ:HOOHQOlQJH NDQQ DQDORJ ]XP 1\TXLVW7KHRUHP ]%
3UHVVHWDOGXUFK JHJHEHQZHUGHQZREHL GLHPLWWOHUH6HLWHQOlQJH
GHU’UHLHFNVVHLWHQ GHU’HODXQD\7ULDQJXODWLRQ YJO$EVFKQLWW  GHU0H



















NHLWVlQGHUXQJ LP8QWHUVXFKXQJVJHELHW VRSUlJQDQW VHLQGDGHU(LQIOXYRQ
REZRKOYHUEOHLEHQG]ZDUHLQH8QVLFKHUKHLW IUGHQ$EVROXWZHUWGHU
/HLWIlKLJNHLWEHGHXWHWGLH6WUXNWXULKUHU9HUWHLOXQJDEHUJOHLFKZRKOEHVWLPPEDU


































K|FKVWH 3ULRULWlW JHQR VR GD DXFK LP)DOOH RSWLPDOHU’DWHQEHUGHFNXQJ GHU(LQ































VRJHQDQQWH ,UUHJXODULWlWHQZHOFKH VHQNUHFKW ]XP HOHNWULVFKHQ)HOG XQG ]XP+DXSW
PDJQHWIHOGGHU(UGH LQGHU,RQRVSKlUHGULIWHQ ,KUH’ULIWJHVFKZLQGLJNHLW  VWHKW LQ
%H]LHKXQJ ]XU ’ULIWJHVFKZLQGLJNHLW GHU (OHNWURQHQ  ZHOFKH ZLHGHUXP PLW GHP
HOHNWULVFKHQ)HOG EHUGLH5HODWLRQ YHUNQSIWLVW’DV3ULQ]LSNRKlUHQ
WHU5DGDUDQODJHQEHVWHKWGDULQ GXUFKGLHHQWVWHKHQGH’RSSOHU9HUVFKLHEXQJEHLGHU



















.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  6FKHPDWLVFKH 6NL]]H HLQLJHU 5DGDUVWUDKOHQ
IU 9+) XQG +) 5DGDUDQODJHQ +)$QODJHQ
QXW]HQ GLH 5HIUDNWLRQ LQ GHU ,RQRVSKlUH XP
VRZRKO LQ GHU ( DOV DXFK LQ GHU )6FKLFKW HLQHQ
DVSHFW DQJOH YRQ  ]X HUUHLFKHQ N  UHIUDNWLHUWHU
6WUDKO N  UFNJHVWUHXWHU 6WUDKO DXV *UHHQZDOG HW
6
DO  PRGLIL]LHUW
5HIOH[LRQVVWlUNH VFKQHOODE ]%+DOGRXSLV)UGLH WUDGLWLRQHOO LP9+)
0+]XQG8+)0+]DUEHLWHQGHQNRKlUHQWHQ5DGDUDQODJHQZLH67$5(
FD 0+] LVW GLH5HIUDNWLRQGHU 6WUDKOHQ LQGHU ,RQRVSKlUH JHULQJ$XV JHRPH
WULVFKHQ*UQGHQ N|QQHQ VLH GDKHU IU0HVVXQJHQ LQ KRKHQ%UHLWHQ GLH5HIOH[LRQV
EHGLQJXQJQLFKWREHUKDOEGHU(6FKLFKWHUIOOHQXQGVRPLWDOV(6FKLFKW5DGDUDQODJHQ
EH]HLFKQHW ZHUGHQ ’LH 6XSHU’$51$QODJHQ DUEHLWHQ GDJHJHQ LQ +)%HUHLFK 
0+] XQG QXW]HQ GLH LQ GLHVHP)UHTXHQ]EHUHLFK VWlUNHU LQ(UVFKHLQXQJ WUHWHQGH
5HIUDNWLRQLQGHU,RQRVSKlUHXPGLH5HIOH[LRQVEHGLQJXQJVRZRKOLQGHU(6FKLFKWDOV
DXFKLQGHU)6FKLFKWHUIOOHQ]XN|QQHQYJO$EEXQG*UHHQZDOGHWDO’D




5DGDUGLH5HIOH[LRQVEHGLQJXQJEHU HLQHQ HUKHEOLFK JU|HUHQ0HEHUHLFK DOV HLQ(
6FKLFKW5DGDUKLQUHLFKHQGJXWHUIOOHQNDQQ’LHJU|WH(QWIHUQXQJ¯UDQJHµYRQGHU






.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  $EKlQJLJNHLW GHV (PSIDQJV YRQ 5FNVWUHXXQJ
HLQHV 6LJQDO]X1RLVH9HUKlOWQLVVHV JU|HU DOV  G% YRQ
GHU /26.RPSRQHQWH GHU ,UUHJXODULWlWHQ
'ULIWJHVFKZLQGLJNHLW XQWHQ +LVWRJUDPP GHU LP
YHUZHQGHWHQ 'DWHQVDW] DXIJHWUHWHQHQ /26
*HVFKZLQGLJNHLWHQ REHQ JHVWULFKHOW ILQQLVFKHV 5DGDU









GHUV EHL PLW KRKHQ (OHNWURQHQGLFKWHQ
YHUEXQGHQHQ(UHLJQLVVHQZLH7HLOVWUPHQ
GLHVH ’LFKWH EHUHLWV LQ GHU ’ RGHU (
6FKLFKWVRJURVHLQGDHLQLJHGHU5D
GDUVWUDKOHQ ]XP %RGHQ UHIUDNWLHUW ZHU
GHQ XQG P|JOLFKHUZHLVH PHKUIDFK ]ZL
VFKHQGLHVHPXQGGHU,RQRVSKlUHKLQXQG
KHU ODXIHQ ELV VLH VFKOLHOLFK ]XUFNJH
VWUHXWZHUGHQXQGVRGLH0HGDWHQNRQ
WDPLQLHUHQ 5 *UHHQZDOG SHUV|QOLFKH
0LWWHLOXQJ ’LHVHU (IIHNW NDQQ ELV ]X














JHZlKOWH 5DXVFKYHUKlOWQLV QLFKW LPPHU DXV XP ]XYHUOlVVLJH *HVFKZLQGLJNHLWHQ ]X
HUPLWWHOQ’DPLWZXUGHQ EHUHLWV IUKHU EHULFKWHWH 6FKZHOOHQZHUWH YRQ P9P
] W ] W ! ] W - 
 W  	 W










































GLH ¯JDWHVµ XPVR ZHQLJHU 5FNVWUHXXQJ ZLUG DEHU DXFK YRQ HLQHP HLQ]HOQHQ JDWH
HPSIDQJHQ-HNRPSOH[HUGHU3XOVFRGHGHVWRJU|HULVWGLH$XIO|VXQJGHV’RSSOHU
VSHNWUXPV IU MHGHV*DWH*OHLFK]HLWLJ VWHLJWPLW GHVVHQ.RPSOH[LWlW DEHU DXFK VHLQH
/lQJHZRGXUFKHQWVSUHFKHQGOlQJHULQWHJULHUWZHUGHQPXXPGLHEHQ|WLJWH*HVDPW





GLH KRKH UDXP]HLWOLFKH$XIO|VXQJ YRQ NP JDWH/lQJH XQG  V MHGRFKZLUG ]XU


































.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  9HUKlOWQLV GHU ,UUHJXODULWlWHQ XQG GHU (OHNWURQHQ'ULIWJHVFKZLQGLJNHLWHQ LQ
GHU (6FKLFKW GXUFKJH]RJHQH /LQLH ([SHULPHQWHOOH 5HVXOWDWH YRQ 1LHOVHQ XQG
6FKOHJHO  JHVWULFKHOWH /LQLHQ 7KHRUHWLVFKH 9RUKHUVDJH YRQ 5RELQVRQ 
IU YHUVFKLHGHQH +|KHQ DXV +DOGRXSLV  PRGLIL]LHUW













MHGRFKGDGLH%H]LHKXQJ ]ZLVFKHQGHQEHLGHQ*U|HQQLFKWOLQHDU LVW XQGEHL LKUHU












.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  0HJHELHW GHV 67$5(5DGDUV EHU
1RUGVNDQGLQDYLHQ PLW VFKHPDWLVFKHU 'DUVWHOOXQJ YRQ DFKW
EHUODSSHQGHQ 5DGDUVWUDKOHQ DXV *UHHQZDOG HW DO 
6FKZHOOHQZHUWGXUFKGLH5HODWLYEHZHJXQJGHUDQGDV1HXWUDOJDVJHEXQGHQHQ,RQHQXQG
GHUGXUFKGLH ’ULIWEHZHJWHQ(OHNWURQHQHU]HXJWZLUG’LHVH,QVWDELOLWlWHU]HXJW
’RSSOHU6SHNWUHQ PLW HLQHU HLQ]HOQHQ VFKDUIHQ 6SLW]H GLH DXFK DOV ¯7\S (FKRVµ





EUHLWHUHV ¯7\S (FKRµ LQ (UVFKHLQXQJ WULWW +DOGRXSLV  )U VLH JLOW
0LODQHWDO







.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  0HJHELHWH GHU GUHL H[LVWLHUHQGHQ 6XSHU'$515DGDUSDDUH LQ GHU
Q|UGOLFKHQ 3RODUOLFKW]RQH VFKDWWLHUW GDV QLFKW VFKDWWLHUWH 3DDU PLW
0HJHELHW EHU :HVWNDQDGD XQG $ODVND EHILQGHW VLFK LQ 3ODQXQJ NOHLQHV
4XDGUDW EHU 1RUGVNDQGLQDYLHQ 67$5(0HJHELHW













.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  6WDWLRQHQ GHV 6FDQGLQDYLDQ 0DJQHWRPHWHU $UUD\
60$ VRZLH HLQLJHU (LQ]HOVWDWLRQHQ GXUFKJH]RJHQ
JHRJUDSKLVFKHV .RRUGLQDWHQV\VWHP DXV .SSHUV HW DO 
$EE  6WDWLRQHQ GHU ,0$*(0DJQHWRPHWHUNHWWH
JHVWULFKHOW JHRJUDSKLVFKH .RRUGLQDWHQ
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  6WDWLRQHQ GHU *U|QODQG0DJQHWRPHWHUNHWWHQ
VRZLH HLQLJH 2EVHUYDWRULHQ DXI GHP JU|QOlQGLVFKHQ
)HVWODQG ]XVlW]OLFK GLH 0$*,&6WDWLRQHQ JHSXQNWHW











ELOGILOPHQ IHVWJHKDOWHQ XQG OLHJHQ DOVR LQ DQDORJHU )RUP YRU’LH ]XUZHLWHUHQ9HU
DUEHLWXQJ QRWZHQGLJH’LJLWDOLVLHUXQJ GHU’DWHQ LVW UHFKWPKVHOLJZHVKDOE QXU HLQH
EHJUHQ]WH=DKOYRQELVODQJ(UHLJQLVVHQGLJLWDOYRUOLHJHQ
’LH ,QWHUQDWLRQDO 0RQLWRU IRU $XURUDO *HRPDJQHWLF (IIHFWV ,0$*(0DJQHWR
PHWHUNHWWH 9LOMDQHQ XQG +lNNLQHQ  ZLUG YRP )LQQLVFKHQ 0HWHRURORJLVFKHQ
,QVWLWXW+HOVLQNLXQGGHU7HFKQLVFKHQ8QLYHUVLWlW%UDXQVFKZHLJLQ=XVDPPHQDUEHLWPLW
PHKUHUHQDQGHUHQ(LQULFKWXQJHQEHWULHEHQ:LH$EE]HLJWKDWVLHVLFKLP%UHLWHQ




















DXFK YRQ LQKDOWOLFKHP ,QWHUHVVH LVW’DVPHWKRGLVFKH ,QWHUHVVH UHVXOWLHUW GDUDXV GD
GDVVHOEH(UHLJQLVEHUHLWVYRQ/DPSHQPLW+LOIHGHULQ$EVFKQLWWEHVFKULHEHQHQ
˜WULDODQGHUURU•0HWKRGHEHDUEHLWHWZXUGHVRGDQHEHQGHUDOOJHPHLQHQ8QWHUVXFKXQJ
GHU $QZHQGEDUNHLW GHU &KDUDNWHULVWLNHQPHWKRGH DXI UHDOH 0HGDWHQ HQWVSUHFKHQG
)UDJHVWHOOXQJ  GHU (LQOHLWXQJ ]XGHP LKUH 5HVXOWDWH PLW GHQHQ GHU IUKHUHQ 6WXGLH
YHUJOLFKHQ ZHUGHQ N|QQHQ’DV LQKDOWOLFKH ,QWHUHVVH UKUW GDKHU GDZLU YHUVXFKHQ
ZHUGHQPLWGHQ(UJHEQLVVHQGLHVHU%HDUEHLWXQJDXIHLQLJHRIIHQH)UDJHQKLQVLFKWOLFKGHU
3K\VLNGHU+DUDQJ’LVNRQWLQXLWlW+’HLQ]XJHKHQGLHLQHLQHP5HYLHZYRQ.RVNLQHQ







LVW ’HU .S,QGH[ EHWUlJW  IU GDV ,QWHUYDOO YRQ 87 JHIROJW YRQ B IU GHQ
=HLWUDXPYRQ87(VOLHJHQNHLQHRSWLVFKHQ’DWHQYRU
/DPSHQ  VXEVXPLHUWH GLH ERGHQPDJQHWLVFKHQ XQG LRQRVSKlULVFKHQ HOHN
WULVFKHQ0HGDWHQGHV ,QWHUYDOOV87 87 LQHLQHP]XVDPPHQJHVHW]WHQ
9HNWRUSORWYJO$EVFKQLWWDXIGHQHUGDQQGLH˜WULDODQGHUURU•0HWKRGHDQZHQGHWH
:LHLQ$EVFKQLWWHUZlKQWOLHJHQGLH+DXSWQDFKWHLOHGLHVHU7HFKQLNLQGHUQRWZHQGL
JHQ $QQDKPH GHU 6WDWLRQDULWlW GHU 6WUXNWXU EHU GDV RELJH=HLWLQWHUYDOO XQG LQ GHQ
8QVLFKHUKHLWHQEHLGHU%HVWLPPXQJGHU*HVFKZLQGLJNHLWGHU6WUXNWXUDOV)XQNWLRQGHU
=HLW’LHZLFKWLJVWH DQGHUH 6WXGLH EHU GLH IOlFKHQKDIWH9HUWHLOXQJ GHU HOHNWURG\QD





.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  8P  LP 8KU]HLJHUVLQQ URWLHUWH 9HNWRUHQ GHU 0DJQHWIHOGVW|UXQJ DP
%RGHQ JHPHVVHQ YRP 60$ VRZLH HLQLJHQ (LQ]HOREVHUYDWRULHQ DP  2NWREHU 
XP  87 KLHU ZLH LP IROJHQGHQ EH]HLFKQHW GDV JHVWULFKHOWH .RRUGLQDWHQV\VWHP
JHRJUDSKLVFKH .RRUGLQDWHQ
$EE  67$5('DWHQ GHV LRQRVSKlULVFKHQ HOHNWULVFKHQ )HOGHV DP  2NWREHU




.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

SXQNWEHILQGHWVLFKGLH+’XQPLWWHOEDUEHUGHPGLFKWHVWHQ7HLOGHV60$XQG]XJOHLFK






FKH /lQJH• LVW HLQ RVWZlUWLJHU (OHNWURMHW EHU 6NDQGLQDYLHQ VLFKWEDU GHVVHQ 1RUG
NRPSRQHQWHQDFK1RUGHQKLQ]XQLPPW6HLQ,QWHQVLWlWVPD[LPXPHUUHLFKWGHU2VWMHWPLW



















EHL HLQHP %UHLWHQVFKULWW YRQ  XQG GHQ /lQJHQEHUHLFK YRQ  ELV  EHL HLQHU
6FKULWWZHLWH YRQ  6RPLW LVW HLQH JHZLVVH ([WUDSRODWLRQ GHV HOHNWULVFKHQ )HOGHV LP
%HUHLFKGHVRVWZlUWLJHQ(OHNWURMHWVQDFK6GHQKLQHUIRUGHUOLFKZLHVLHDXFKYRQ/DP
SHQ YRUJHQRPPHQZXUGH=XGLHVHP=ZHFNZXUGHHLQH9DULDQWHGHU LQYHUVH




.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  ,RQRVSKlULVFKH lTXLYDOHQWH 6WU|PH ZLH VLH DXV GHU $EWUHQQXQJ
GHV H[WHUQHQ $QWHLOV GHU %RGHQPDJQHWIHOGVW|UXQJ )RUWVHW]XQJ GLHVHV
$QWHLOV ]XU ,RQRVSKlUH XQG 8PUHFKQXQJ LQ lTXLYDOHQWH 6WU|PH
UHVXOWLHUHQ







.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  0RGHOOLHUWH 9HUWHLOXQJ GHV +DOO]X
3HGHUVHQ/HLWIlKLJNHLWVYHUKlOWQLVVHV DQ
5HVXOWDWH YRQ /DPSHQ  XQG .XQNHO HW
DO  DQJHOHKQW




















































EHHLQIOXVVHQGHQ5DQGHV YJO$EVFKQLWW  VLQGGXUFK DXVJHIOOWH4XDGUDWH JHNHQQ
]HLFKQHW:LHHUVLFKWOLFKPDFKWGLHVHU7HLOGHV5DQGHVQXUHWZDGHVJHVDPWHQ






.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  &KDUDNWHULVWLNHQ JHIOOWH 5HFKWHFNH EH]HLFKQHQ 3XQNWH GHV
EHHLQIOXVVHQGHQ 5DQGHV






.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  +RUL]RQWDOH ,RQRVSKlUHQVWU|PH
$EE  *HVDPWH IHOGSDUDOOHOH 6WU|PH KLHU ZLH LP IROJHQGHQ EHGHXWHQ














.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

DOVRLPPHUQRFKQ|UGOLFKYRP=HQWUXPGHVRVWZlUWLJHQ(OHNWURMHWVYJO$EE’HU
2VW:HVW*UDGLHQW YRQ  LP%HUHLFK GHV2VWMHWV LVWPLW HLQHP HQWJHJHQJHVHW]W JH
ULFKWHWHQ*UDGLHQWHQLQ V$EEYHUEXQGHQXQGIKUWGDKHUZLHLQ$EE]X
VHKHQ ]X NHLQHU ORQJLWXGLQDOHQ bQGHUXQJ LQ GHQ UHVXOWLHUHQGHQ KRUL]RQWDOHQ
,RQRVSKlUHQVWU|PHQ ]XU8QWHUGUFNXQJYRQ5DQGIHKOHUQZXUGHEHLGHU’DUVWHOOXQJ
GHV(UJHEQLVVWURPV\VWHPVMHHLQ*LWWHUSXQNWDQGHQ5lQGHUQZHJJHODVVHQ,QWHUHVVDQWLVW





























.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  0LW GHQ 3HGHUVHQ6WU|PHQ YHUEXQGHQH IHOGSDUDOOHOH 6WU|PH





















ZHUGHQ *HQHUHOO VFKHLQW XQV GD XQVHUH $XVJDEHYHUWHLOXQJHQ EHL JOHLFK]HLWLJHU











$QGHUVHLWV VLQG YLHOH $UEHLWHQ DQGHUHQ 7\SV GLH ]% QXU DXI0DJQHWRPHWHUQ RGHU
0HVVXQJHQGHVHOHNWULVFKHQ)HOGHVRSWLVFKHQ’DWHQRGHU6DWHOOLWHQPHVVXQJHQEHUXKHQ





PLWWHOV ]XVDPPHQJHVHW]WHU 9HNWRUSORWV HU]LHOWHQ 5HVXOWDWH YRQ /DPSHQ  XQG
3Y 
  3(ð 3%   3%
3(





VH YHUPXWHW ZLUG 8QVHUH ’DWHQ XQWHUVWW]HQ GHXWOLFK GHQ ]ZHLWHQ 6WDQGSXQNW ’LH
P|JOLFKHQ’HIL]LWHGHU7HFKQLN ]XVDPPHQJHVHW]WHU9HNWRUSORWVZXUGHQEHUHLWV REHQ





3ODVPDIOX EHU GLH HOHNWULVFKH+’ DQ.RVNLQHQ XQG3XONNLQHQ  NRQQWHQ ]X
GLHVHU)UDJHNHLQHNODUH$QWZRUWJHEHQGDGDV67$5(5DGDULQNHLQHPGHUYRQLKQHQ
XQWHUVXFKWHQ (UHLJQLVVH LP XQPLWWHOEDUHQ %HUHLFK GHU HOHNWULVFKHQ+’ DXVUHLFKHQGH
5FNVWUHXXQJOLHIHUWH
+LQVLFKWOLFK GHU KRUL]RQWDOHQ ,RQRVSKlUHQVWU|PH ]HLJHQ $EE  XQG $EE 
MHGRFKGD]XPLQGHVWLQGHUKLHUXQWHUVXFKWHQ6LWXDWLRQIDVWGHUJHVDPWH6WURPGHV
RVWZlUWLJHQ(OHNWURMHWVVRZRKOEH]JOLFKVHLQHV3HGHUVHQDOVDXFKVHLQHV+DOO$QWHLOHV
DQ RGHU VGOLFK YRQ GHU HOHNWULVFKHQ+’ DOV )$&V LQ GLH0DJQHWRVSKlUH DEJHIKUW
ZHUGHQ’LHVHV(UJHEQLVVWLPPWPLWGHQHQYRQ/DPSHQXQG.XQNHOHWDO








































%RGHQ GHILQLHUWHPDJQHWLVFKH+’ W\SLVFKHUZHLVH  %UHLWHQJUDGH VGOLFK GHU HOHN
WULVFKHQOLHJW2EZRKOHLQH5FNUHFKQXQJGHV%RGHQPDJQHWIHOGHVDXVXQVHUHQ5HVXOWDWHQ
PLWWHOVHLQHU%LRW6DYDUW,QWHJUDWLRQQLFKWGDVYROOVWlQGLJH UHSURGX]LHUHQNDQQGD
GHU$QWHLOGHU DXHUKDOEGHV8QWHUVXFKXQJVJHELHWHV IOLHHQGHQ6WU|PH IHKOW ZHOFKHU
QLFKWXQEHWUlFKWOLFKLVWGDGDV0DJQHWIHOGYRQ/LQLHQVWU|PHQQXUPLW DEQLPPW
ZHQQ GHU$EVWDQGYRQGHU)OXDFKVHGHV6WURPHVLVWOlWVLFKDXVGHU5FNUHFKQXQJ














.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ






GHV 60$ HUUHLFKW XQG ]X VSlWHUHQ=HLWHQ GDV 67$5(0HJHELHW LQ5LFKWXQJ 6GHQ
YHUOlW=XGHPLVWGLHYRQ67$5(HPSIDQJHQH5FNVWUHXXQJZHFKVHOKDIW+LQVLFKWOLFK






%HLWUlJH ]X ELVKHU RIIHQHQ)UDJHQ LKUHU 3K\VLN EHLWUDJHQ N|QQHQ XQG VRPLW GLH )UD
JHVWHOOXQJGHU(LQOHLWXQJHEHQIDOOVSRVLWLYEHDQWZRUWHWZHUGHQNDQQ














VWDUNHU ZHVWZlUWLJHU (OHNWURMHW EHU GHP 0HJHELHW GHV 60$ YRU (WZD ]ZLVFKHQ
87XQG87WULWWHLQHNXU]]HLWLJH6W|UXQJDXIGLHVLFKDXILKUHP+|KHSXQNW
LPXQWHUVXFKWHQ=HLWVFKULWWXP87GXUFKGUHL0HUNPDOHDXV]HLFKQHW$EE
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  8P  LP 8KU]HLJHUVLQQ JHGUHKWH 9HNWRUHQ GHU KRUL]RQWDOHQ
0DJQHWIHOGVW|UXQJ DP   87 JHPHVVHQ YRP 60$ VRZLH
HLQLJHQ ZHLWHUHQ 2EVHUYDWRULHQ
$EE  9RP 67$5(5DGDU DP  XP  87 JHPHVVHQH















/lQJH XQG  %UHLWH ]HQWULHUW DEVFKlW]EDUH ZLUEHOI|UPLJH 6WUXNWXU GLHVHU 9HNWRUHQ
VLFKWEDU’LH9HUWHLOXQJHQYRQ LP=HLWUDXPGHU6W|UXQJGHXWHQDXIHLQH:HVWZlUWV




XP  87 JHPHVVHQHQ 9HNWRUHQ GHV LRQRVSKlULVFKHQ HOHNWULVFKHQ )HOG GHXWOLFK
ZHQLJHU VWUXNWXULHUW XQG ]HLJHQ HLQ ELV DXI NOHLQUlXPLJH ORNDOH ,QKRPRJHQLWlWHQ LP













EHLGHU 67$5(6WDWLRQHQ DQ YJO $EE  8QPLWWHOEDU YRU GHP KLHU XQWHUVXFKWHQ




NXQJ HLQHV (6FKLFKW5DGDUV DXVZLUNHQ OLHJW ]XVDPPHQPLW GHP LQ $EVFKQLWW 
*HVDJWHQGDUDQGDEHLGLHVHQLP9HUJOHLFK]XLQKRPRJHQHQ9HUWHLOXQJHQGLH:DKU
VFKHLQOLFKNHLW GHV 1XOOGXUFKJDQJHV PLQGHVWHQV HLQHU GHU /26.RPSRQHQWHQ YRQ
LQQHUKDOE GHV0HJHELHWHV XQG VRPLW GHU8QWHUVFKUHLWXQJ GHV IU5FNVWUHXXQJ HU
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.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

PHWKRGHVLQGGDJHJHQLPZHVHQWOLFKHQKRPRJHQYHUWHLOWHHOHNWULVFKH)HOGHUXQJQVWLJ
GD VLH ]XJHULQJHQ:HUWHQGHV3DUDPHWHUV& IKUHQZHOFKHUGDV$ENOLQJHQGHVYRP
$QIDQJVZHUW DEKlQJLJHQ7HLOHVGHU/|VXQJIU EHZLUNWYJO$EVFKQLWW




DP%RGHQ DOV XQPLWWHOEDU REHUKDOE ˜LQWHUQH• E]Z XQWHUKDOE ˜H[WHUQH• GHV %RGHQV
IOLHHQGH lTXLYDOHQWH 6WU|PH DXI XQVHUHP $QDO\VHJHELHW  PLW
 VRZLH PLW  ’LH )HOGWUHQQXQJZXUGHPLW GHU LQ







IU GLH $QZHQGXQJ GHU &KDUDNWHULVWLNHQPHWKRGH EHVRQGHUV UHOHYDQW GD LQ VLH HQW
VSUHFKHQG*O QLFKWGDV0DJQHWIHOG VHOEVW VRQGHUQGLH9HUWLNDONRPSRQHQWHGHU
5RWDWLRQGHU LRQRVSKlULVFKHQ lTXLYDOHQWHQ6WU|PH HLQJHKW 6HOEVWZHQQGLH LQWHUQHQ














([WUDSRODWLRQ QDFK 6GHQ DOV YHUWUHWEDU HUVFKHLQHQ ’DV PLW GHU LQYHUVH GLVWDQFH 
3(
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  ([WHUQHU $QWHLO GHU 0DJQHWIHOGVW|UXQJ DP %RGHQ DP   87
DOV XQPLWWHOEDU REHUKDOE GHV %RGHQV IOLHHQGH lTXLYDOHQWH 6WU|PH GDUJHVWHOOW
$EE  ,QWHUQHU $QWHLO GHU 0DJQHWIHOGVW|UXQJ DP %RGHQ DP   87 DOV




.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  bTXLYDOHQWH 6WU|PH DXI ,RQRVSKlUHQK|KH DP   87

















.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  5HVXOWLHUHQGH &KDUDNWHULVWLNHQ
WHQUHFKWKRPRJHQHQ&KDUDNWHUYRQ ]HLJHQVLHLQLKUHPKDXSWVlFKOLFKQRUGVGOLFKHQ
9HUODXIQXUHLQHJHULQJIJLJH$XIIlFKHUXQJ(QWVSUHFKHQG OLHJWGHU$QWHLOGHVEHHLQ
IOXVVHQGHQ5DQGHV DPJHVDPWHQ5DQGPLW FD QDKHGHPPD[LPDOHQ:HUW YRQ

,Q$EELVWGLHDXVGHU$QZHQGXQJGHU&KDUDNWHULVWLNHQPHWKRGHUHVXOWLHUHQGH






6 EHWUlJW+DOO/HLWIlKLJNHLWHQGLHVHU*U|HQRUGQXQJ VLQG LQGHU/LWHUDWXU ]ZDU
VHOWHQ]XILQGHQMHGRFKPDHQ]%$LNLRXQG.DLODPLW+LOIHGHV(,6&$75DGDUV
:HUWH YRQEHU6 LQGHU1lKH HLQHU LQWHQVLYHQ3RODUOLFKWIRUPZlKUHQGGHU








.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  5HVXOWLHUHQGHU 0LWWHOZHUW GHU REHUHQ XQG XQWHUHQ $EVFKlW]XQJ
IU GLH +DOO/HLWIlKLJNHLW LQ 6



























































EHLGHQ *U|HQ LQ GHQ DQGHUHQ *HELHWHQ YHUJOHLFKEDU VLQG =XGHP LVW GLH LQ







PLW6WURPGLFKWHQXP$NP YRU’LHVH VFKRQVHKU VWDUNHQ)$&VZHUGHQYRQGHQ
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  $XV GHU PLWWOHUHQ $EVFKlW]XQJ GHU +DOO/HLWIlKLJNHLW $EE 
UHVXOWLHUHQGH KRUL]RQWDOH ,RQRVSKlUHQVWU|PH
$EE  5HVXOWLHUHQGH IHOGSDUDOOHOH 6WURPGLFKWHQ
DXIZlUWV IOLHHQGHQ DP:HVWUDQG GHV $QDO\VHJHELHWHV VGOLFK YRQ  %UHLWH QRFK
EHUWURIIHQZHOFKHHLQHLQQRUGZHVWOLFKVG|VWOLFKH5LFKWXQJDQJHRUGQHWH6FKLFKWELOGHQ





























































 IUHLQHEHQIDOOV VHKU VWDUNPDJQHWLVFKJHVW|UWHV ,QWHUYDOOXQPLWWHOEDU LQHLQHU








GLH (OHNWURQHQGLFKWH  GLH Q|WLJ LVW XP HLQHQ IHOGSDUDOOHOHQ 6WURP  ]X WUDJHQ
’DEHLVLQG GLH(OHNWURQHQPDVVHXQGHGLH(OHNWURQHQODGXQJ$XV
GHP(LQVHW]HQGHUJHQDQQWHQ:HUWHIU XQG HUJLEWVLFKHLQHHUIRUGHUOLFKH(OHN
WURQHQGLFKWHYRQ   P XPHLQHQ)$&GHU$PSOLWXGH$NP ]XXQWHU  


















HUK|KXQJ N|QQWH MHGRFK ]X GHU 9HUPXWXQJ $QOD JHEHQ GD KLHU GHU ZHVHQWOLFKH
ERGHQPDJQHWLVFKH(IIHNWXQWHUKDOEGHUXQWHUVXFKWHQ5HJLRQDXVGLHVHUVHOEVWHQWVWDPPW
’DQQ ZlUH HV P|JOLFK ]XPLQGHVW GLH ZHVHQWOLFKH 6WUXNWXU GHU JHPHVVHQHQ ERGHQ
PDJQHWLVFKHQ6W|UXQJGXUFKHLQH5FNUHFKQXQJZLHGHU]XJHEHQ
$EEXQG$EE]HLJHQGLHJHPHVVHQH VRZLHGLH UFNJHUHFKQHWHXP LP
8KU]HLJHUVLQQ URWLHUWH KRUL]RQWDOH0DJQHWIHOGVW|UXQJ DP %RGHQ ,QVJHVDPW XQG LQV
EHVRQGHUHLQGHU0LWWHGHV$QDO\VHJHELHWHVLVWHLQHVHKUJXWHVWUXNWXUHOOHhEHUHLQVWLP
PXQJ]ZLVFKHQGHQEHLGHQ9HNWRUIHOGHUQ]XHUNHQQHQ6RZLUGVSH]LHOOGLH1RUGDEOHQ




















JHUDGH LP %HUHLFK Q|UGOLFK GHU /HLWIlKLJNHLWVHUK|KXQJ LP:HVWHQ XQVHUHV *HELHWHV
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  *HPHVVHQH XP  JHGUHKWH 0DJQHWIHOGVW|UXQJ DP %RGHQ PLW GHU
LQYHUVH GLVWDQFH0HWKRGH LQWHUSROLHUW
$EE  $XV GHP LQ $EE  XQG $EE  JH]HLJWHQ 6WURPV\VWHP UHVXOWLHUHQGH XP
 LP 8KU]HLJHUVLQQ JHGUHKWH 0DJQHWIHOGVW|UXQJ DP %RGHQ
YHUPXWOLFK VWDUNHU:HVWVWU|PHZHOFKH HLQH QHJDWLYH Y6W|UXQJ YHUXUVDFKHQZUGHQ
]XUFN]XIKUHQ LVW ’D HLQ DQDORJHU (IIHNW DP 6GUDQG QLFKW ]X HUNHQQHQ LVW NDQQ
JHVFKORVVHQ ZHUGHQ GD GLH WDWVlFKOLFKHQ KRUL]RQWDOHQ ,RQRVSKlUHQVWU|PH VGOLFK
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  *HPHVVHQH YHUWLNDOH 0DJQHWIHOGVW|UXQJ % DP %RGHQ LQ Q7 PLW
Y
GHU LQYHUVH GLVWDQFH  0HWKRGH LQWHUSROLHUW
$EE  $XV GHP LQ $EE  XQG $EE  JH]HLJWHQ 6WURPV\VWHPHV




NDQQ DOVR WURW] GHV IHKOHQGHQ (LQIOXVVHV YRQ 6WU|PHQ DXHUKDOE GHV8QWHUVXFKXQJV
 




.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  %LOG GHU $OO6N\  .DPHUD GHU 6WDWLRQ 0XRQLR DP   87 :HVWHQ LVW DXI GHP







3DMXQSll SHUV0LWWHLOXQJ’LHVH )RUP LVW DXFK HLQLJH0LQXWHQ YRU XQG QDFK GHP




























































 LVW VRPLWGHUJU|WH7HLOGHUPLWGHP(UHLJQLVYHUEXQGHQHQ ,RQRVSKlUHQVWU|PH
ERGHQPDJQHWLVFK ¯XQVLFKWEDUµ ,P7HLOVWURPV\VWHP  VLQG GDJHJHQ GLH W\SLVFKHQ










.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  ,P $QDO\VHJHELHW VRZRKO GLYHUJHQ] DOV DXFK URWDWLRQVIUHLH 6WU|PH 
$EE  1XU GXUFK 'LYHUJHQ]HQ LP $QDO\VHJHELHW HU]HXJWH 6WU|PH 
0LQXWHQQDFKHLQHP3RODUOLFKWDXVEUXFKLPZHVWZlUWLJHQ(OHNWURMHWIUHWZD0LQXWHQ









.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  1XU GXUFK 5RWDWLRQHQ LP $QDO\VHJHELHW HU]HXJWH 6WU|PH 
WXQJ DEJHOHQNWH/HLWIlKLJNHLWVHUK|KXQJDXI:HUWHELVEHU6 DQGHUHQ5lQGHUQ
H[WUHPVWDUNHIHOGSDUDOOHOH6WU|PHYRQELV]X$NP DEZlUWVIOLHHQGH)$&VE]Z
















JHQGHQ)DOO HLQH H[WUHPJURH/HLWIlKLJNHLWVlQGHUXQJ LP$QDO\VHJHELHW GLH JHQDQQWH
8QVLFKHUKHLWPDUJLQDOLVLHUW
 
  Q 
 
 
  Q 
 
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

 (UHLJQLV PLW ’DWHQ GHU ,0$*( XQG *U|QODQG0DJQHWRPHWHUNHWWHQ VRZLH GHV
6XSHU’$515DGDUV
























PLW HLQHU ]HLWJOHLFKHQ ERGHQPDJQHWLVFKHQ 9HUVWlUNXQJ LP1DFKPLWWDJVHNWRU ’D IU
GLHVHV(UHLJQLVQXUGDV|VWOLFKVWHDXFK¯&87/$66µJHQDQQWH6XSHU’$515DGDUSDDU
QHQQHQVZHUWH 5FNVWUHXXQJ HPSIlQJW YJO $EE  VLQG KLHU LPZHLWHUHQ QXU GLH
Q|UGOLFKHQ6WDWLRQHQGHU,0$*(0DJQHWRPHWHUNHWWHXQGGLHDQGHU2VWNVWH*U|QODQGV







.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

%UHLWH DQGHU 2VWNVWH*U|QODQGVPD[LPDOH$PSOLWXGHQYRQ FD  Q7 DQQLPPW




8UVSUQJOLFK ZXUGH GLHVHV (UHLJQLV DXVJHZlKOW ZHLO GLH 6XSHU’$51’DWHQ GHV

















ELVODQJ  P|JOLFKHUZHLVH GXUFK GLH GHU]HLWLJH ]HLWOLFKH 1lKH ]XP VRODUHQ0LQLPXP
EHGLQJW  VLFK NHLQH (UHLJQLVVH DQELHWHQ IU GLH JXWH 5FNVWUHXXQJ YRQ DOOHQ GUHL








DXI GHU -DQ0D\HQ,QVHO VRJDU /lQJHQJUDGH EUHLW VHLQZUGH$EJHVHKHQ YRQGHU
5HJLRQEHU6SLW]EHUJHQXQGGHU%lUHQLQVHOGLHIQIQRUG|VWOLFKHQ6WDWLRQHQLQ$EE
EHUDQGHQGLH0DJQHWRPHWHUGDWHQDOVRPHKUGLH5DGDUGDWHQDOVGDVLHGLHVHEHUODSSHQ
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  8P  LP 8KU]HLJHUVLQQ JHGUHKWH %RGHQPDJQHWIHOGVW|UXQJHQ JHPHVVHQ
YRQ GHU ,0$*(0DJQHWRPHWHUNHWWH UHFKWV GHQ DQ GHU 2VWNVWH *U|QODQGV
EHILQGOLFKHQ 6WDWLRQHQ GHU *U|QODQG0DJQHWRPHWHUNHWWH OLQNV XQG GHP
2EVHUYDWRULXP DXI GHU -DQ0D\HQ,QVHO PLWWH OLQNV DP  XP  87
$EE  9RQ &87/$66 JHPHVVHQH 'DWHQ GHV LRQRVSKlULVFKHQ HOHNWULVFKHQ







.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

’LH VLFK DXV GLHVHU 6LWXDWLRQ HUJHEHQGHQ .RQVHTXHQ]HQ IU GLH ZHLWHUH %HDUEHLWXQJ
ZHUGHQZHLWHUXQWHQEHVSURFKHQ+LQVLFKWOLFKGHULQ$EVFKQLWWDXIJHVWHOOWHQ.ULWHULHQ
IUGLH(UHLJQLVDXVZDKOLVWDOVRIHVW]XVWHOOHQGDVRZRKOZLHREHQHUZlKQWGDV.ULWHUL
XP GHU5HOHYDQ] GHU XQWHUVXFKWHQ 6LWXDWLRQZLH DXFK GDV GHUhEHUODSSXQJ GHU(LQ


















Q|UGOLFKHU DOV LQ GHQ0DJQHWIHOGGDWHQ EHU GHQ JHVDPWHQ /lQJHQEHUHLFK GXUFK GLH
0HGDWHQYRQ ]LHKW$EE6GOLFKGLHVHU*UHQ]H]HLJW LPZHVHQWOLFKHQQDFK
1RUGHQXQGQ|UGOLFKYRQLKUQDFK6GHQZREHLLQEHLGHQ%HUHLFKHQWHLOZHLVHGHXWOLFKH





YRQ+DUDQJ QLFKW DOV+’EHVFKULHEHQZHUGHQGDGLHVH’HILQLWLRQ DXI HLQHP
1XOOGXUFKJDQJGHU+.RPSRQHQWHHLQHV0DJQHWRPHWHUVDOV)XQNWLRQGHU=HLWEHUXKW
’DXQVHUH.RQYHNWLRQVJUHQ]H LKUH UlXPOLFKH/DJHZlKUHQGGHV(UHLJQLVVHVSUDNWLVFK
QLFKW lQGHUW WULWW KLHU EHL NHLQHU GHU EHWHLOLJWHQ0DJQHWRPHWHUVWDWLRQHQ HLQ VROFKHU
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EHLGHQ )lOOHQ EHVRQGHUV DEHU EHL GHU ,QWHUSRODWLRQ YRQ  GLH /|VXQJVPDWUL]HQ
VFKOHFKW NRQGLWLRQLHUWH $QWHLOH DXIZHLVHQZHUGHQ GLHVH GXUFK:DKO YRQ J  ]XU




 DXI HLQHP *LWWHU GHU $XVGHKQXQJ  PLW  VRZLH
PLW GDUJHVWHOOW,QEHLGHQ9HNWRUIHOGHUQZHUGHQGLH.RQYHN





=XGHP LVW IHVW]XVWHOOHQGD QDFKGHU ,QWHUSRODWLRQDXIGDV*LWWHUQ|UGOLFKXQG
VGOLFK GHU .RQYHNWLRQVJUHQ]H lKQOLFKH :HUWH DQQLPPW ZDV QHEHQ GHU HUZlKQWHQ
6HW]XQJ GHV 3DUDPHWHUV J YHUPXWOLFK DXI GDV 9RUKDQGHQVHLQ YRQ GXUFK 5RWDWLRQHQ
EHGLQJWHU$QWHLOH LQGHQ0HZHUWHQYRQ ]XUFN]XIKUHQ LVWZHOFKHEHLGHU,QWHU
SRODWLRQ PLW GHU 1HEHQEHGLQJXQJ GHU 5RWDWLRQVIUHLKHLW DEVHSDULHUW ZXUGHQ GD GLH
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  ,RQRVSKlULVFKH lTXLYDOHQWH 6WU|PH DP   87








.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  'LIIHUHQ] ]ZLVFKHQ GHQ 0HYHNWRUHQ YRQ ZLH LQ $EE  XQG GHQ
DXV GHP LQWHUSROLHUWHQ HOHNWULVFKHQ )HOG $EE  DXI GLH 0HSXQNWH  VRZHLW
VLH LP ,QWHUSRODWLRQVJHELHW OLHJHQ  ]XUFNLQWHUSROLHUWHQ )HOG9HNWRUHQ
]XHUZDUWHQ’LH’LIIHUHQ]]ZLVFKHQGHQJHPHVVHQHQ:HUWHQYRQ $EEXQG
GHQYRQGHPLQWHUSROLHUWHQHOHNWULVFKHQ)HOG$EEDXIGLH0HSXQNWH]XUFNLQWHU





YJO$EE LQ VGOLFKH5LFKWXQJYHUODVVHQKDEHQ1|UGOLFKGLHVHV6WUHLIHQV LVWGLH
1HLJXQJGHU&KDUDNWHULVWLNHQ JHJHQGLH/lQJHQNUHLVH VWlUNHU EHYRU VLHGDV8QWHUVX









.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  5HVXOWLHUHQGH &KDUDNWHULVWLNHQ
$EE  5HVXOWLHUHQGH +DOO/HLWIlKLJNHLWVYHUWHLOXQJ LQ 6 DP 1RUGUDQG GHV
8QWHUVXFKXQJVJHELHWHV ZXUGHQ ZHJHQ LP 1RUGZHVWHQ VLFK HUJHEHQGHU
QHJDWLYHU ( :HUWH ]ZHL *LWWHUSXQNWH ZHJJHODVVHQ
+
JHVW|UWHQ 6LWXDWLRQ HWZDVZHLWHU VGOLFK DOV LQ GHP LQ GLHVHQ$EVFKQLWW XQWHUVXFKWHQ












































VWUDKOXQJ XQGZHQLJHU GXUFK GHQ (IIHNW LQ GLH ,RQRVSKlUH HLQIDOOHQGHU 3DUWLNHO YHU
XUVDFKWVHLQN|QQWH’DV$EVLQNHQYRQ DP6GUDQG]ZLVFKHQXQG/lQJHLVW
PLWGHUREHQHUZlKQWHQ9HUULQJHUXQJYRQ LPVHOEHQ*HELHWYHUNQSIWXQGNDQQ
ZLH GLHVH GXUFK ,QWHUSRODWLRQVXQJHQDXLJNHLWHQ GHU (LQJDEHYHUWHLOXQJHQ EHGLQJW VHLQ
,QVJHVDPWGUIWHGLHUHVXOWLHUHQGH9HUWHLOXQJIU HLQHYHUQQIWLJH5HSUlVHQWDWLRQGHU
JURUlXPLJHQ6WUXNWXUGLHVHU*U|HGDUVWHOOHQMHGRFKVLQGORNDOH’HWDLOVZLHGDVREHQ








VLQG’LH9HUWHLOXQJ YRQ ZLUG GXUFK GDV$EIOLHHQ GHU DQ GHU.RQYHNWLRQVJUHQ]H
.DSLWHO  $QZHQGXQJHQ DQKDQG YRQ 0HGDWHQ

$EE  5HVXOWLHUHQGH KRUL]RQWDOH ,RQRVSKlUHQVWU|PH
$EE  5HVXOWLHUHQGH IHOGSDUDOOHOH 6WU|PH
DQJHODQJWHQ 6WU|PH GHV 2VWMHWV LQ GLH0DJQHWRVSKlUH GRPLQLHUW ZRGXUFK DQ MHQHU
IHOGSDUDOOHOH6WU|PHYRQELV]X$NP DXIWUHWHQ’LH)$&VDP6GUDQGGHV8QWHUVX
















JUR VLQG =ZDU NRQQWHQ ZLU KLHU DXIJUXQG GHU 6WDWLRQDULWlW GHU JHRSK\VLNDOLVFKHQ
6LWXDWLRQPLWHLQHURUWVIHVWHQ.RQYHNWLRQVJUHQ]HLPJURHQSODXVLEOH(LQJDEHYHUWHLOXQJHQ
XQGDXFKHLQLPZHVHQWOLFKHQUHDOLVWLVFKHV5HVXOWDWIUGLH9HUWHLOXQJYRQ XQGGHV
LRQRVSKlULVFKHQ 6WURPV\VWHPHV HU]LHOHQ MHGRFK N|QQHQ GLH 5HVXOWDWH DXIJUXQG GHU
8QVLFKHUKHLWHQQLFKWVRLP’HWDLOGLVNXWLHUWZHUGHQZLHLQGHQYRULJHQ$QZHQGXQJVEHL
VSLHOHQ=XGHPZlUHHVLP)DOOHHLQHUG\QDPLVFKHUHQ6LWXDWLRQDOVGHUKLHUDQDO\VLHUWHQ






=XU LQKDOWOLFKHQ)UDJHVWHOOXQJNDQQ IHVWJHKDOWHQZHUGHQGDXQVHU(UJHEQLV YRQ
QDFK1RUGHQKLQDOOPlKOLFKDEQHKPHQGHQ/HLWIlKLJNHLWHQLQGHU*U|HQRUGQXQJYRQELV
]X6DP6GUDQGGHV$QDO\VHJHELHWHV]XPHLQHQJXWPLWGHPQXUPRGHUDWJHVW|UWHQ




7HLOVWXUP HUK|KHQ GLH 89HU]HXJWHQ /HLWIlKLJNHLWHQ DEHU ZHQQ EHUKDXSW VR QXU
JHULQJIJLJEHHLQIOXWZHUGHQ











GHU YHUZHQGHWHQ )RUP GHV 2KP•VFKHQ *HVHW]HV DOV DXFK LQ %H]XJ DXI GDV YRQ GHQ
6WU|PHQDP%RGHQHU]HXJWH0DJQHWIHOGIKUW,Q$EVFKQLWWZXUGHGDQQJH]HLJWZLH
DXV GHU %RGHQPDJQHWIHOGVW|UXQJ GLH LRQRVSKlULVFKHQ lTXLYDOHQWHQ 6WU|PH  XQWHU
9HUZHQGXQJ GHU0HWKRGHQ GHU )HOGWUHQQXQJ )HOGIRUWVHW]XQJ XQG 8PUHFKQXQJ GHV
PDJQHWLVFKHQ3RWHQWLDOVXQPLWWHOEDUXQWHUKDOEHLQHU.XJHOVFKDOHLQGLH6WURPIXQNWLRQ
GHU HV HU]HXJHQGHQ DXI GHU 6FKDOH IOLHHQGHQ 6WU|PH  EHUHFKQHW ZHUGHQ N|QQHQ
=HQWUDOHV+LOIVPLWWHOZDUGDEHLGLH¯VSKHULFDOFDSKDUPRQLFDQDO\VLVµ6&+$GLHHLQH
VSKlULVFKHKDUPRQLVFKH$QDO\VHDXI7HLOHQGHU(UGNXJHOHUODXEW$EVFKQLWWHUOlXWHUWH
ZLH HLQ EHOLHELJHV JHJHEHQHV LRQRVSKlULVFKHV 6WURPV\VWHP LQ HLQH 6XSHUSRVLWLRQ DXV































.DSLWHO  =XVDPPHQIDVVXQJ 'LVNXVVLRQ $XVEOLFN

OLHUW 6FKOLHOLFK ZXUGH LQ $EVFKQLWW  JHVRQGHUW GDUDXI KLQJHZLHVHQ GD PLW GHU
&KDUDNWHULVWLNHQPHWKRGH DXFK H[SOL]LW ]HLWDEKlQJLJH 6LWXDWLRQHQ XQWHUVXFKW ZHUGHQ
N|QQHQGD VLH NHLQH$QQDKPHQKLQVLFKWOLFKGHU5RWDWLRQGHV HOHNWULVFKHQ)HOGHV HU
IRUGHUW
.DSLWHO  HQWKlOW HLQHQ hEHUEOLFN EHU HLQLJH DXVJHZlKOWH 0HWKRGHQ ]XU ,QWHU
SRODWLRQYRQ0HGDWHQDXIHLQUHJXOlUHV*LWWHUZLHVLHIUGLH$QZHQGXQJGHU&KDUDNWH
ULVWLNHQPHWKRGHDXIUHDOH’DWHQVlW]H.DSLWHOEHQ|WLJWZHUGHQ1HEHQGHU%HVFKUHL
EXQJ XQG%HZHUWXQJ H[LVWLHUHQGHU0HWKRGHQ LQ%H]XJ DXI LKUH1W]OLFKNHLW EHL YHU
VFKLHGHQDUWLJVWUXNWXULHUWHQ0HGDWHQVlW]HQZXUGHDXFKHLQQHXHV,QWHUSRODWLRQVYHUIDK
UHQ HUVWHOOW GDV DXI GHQ LQ $EVFKQLWW  HQWZLFNHOWHQ VSKlULVFKHQ (OHPHQWDUYHNWRU
V\VWHPHQDXIEDXWXQGGDVH[SOL]LWURWDWLRQVXQGRGHUGLYHUJHQ]IUHLH,QWHUSRODWLRQYRQ
9HNWRUIHOGHUQHUP|JOLFKW
,Q .DSLWHO  HUIROJWH HLQ 7HVW GHU $QZHQGEDUNHLW GHU VSKlULVFKHQ 9DULDQWH GHU
&KDUDNWHULVWLNHQPHWKRGHDQKDQGHLQHV0RGHOOHVGHUPDNURVNRSLVFKHQLRQRVSKlULVFKHQ
(OHNWURG\QDPLNGHUJHVDPWHQQ|UGOLFKHQ3RODUOLFKW]RQHDOVRGHVJU|WHQLQGHU3UD[LV
GHQNEDUHQ $QZHQGXQJVEHUHLFKHV LQGHP EHUSUIW ZXUGH ZLH JXW GLH0HWKRGH GLH
PRGHOOLHUWHQ 9HUWHLOXQJHQ PLW DXV GHP0RGHOO DQDO\WLVFK EHUHFKQHWHQ (LQJDEHGDWHQ
UHSURGX]LHUHQNDQQ’HU7HVWHUJDEHLQHLPZHVHQWOLFKHQVHKUJHQDXH:LHGHUJDEHGHV
0RGHOOHVGXUFKGLH5HVXOWDWHGHU0HWKRGH$OOHUGLQJVWUHWHQHQWODQJHLQLJHUVHKUODQJHU







ODVVHQ VLFK GLH GUHL $QZHQGXQJVEHLVSLHOH QDFK ]ZHL YHUVFKLHGHQHQ *HVLFKWVSXQNWHQ
XQWHUWHLOHQQlPOLFK
 QDFKGHU6WUXNWXUGHU(LQJDEHGDWHQVlW]HHLQHUVHLWVKLQVLFKWOLFKGHU$Q]DKOXQG
hEHUODSSXQJ GHU0HZHUWH IU   XQG  DQGHUHUVHLWV KLQVLFKWOLFK GHU LP























%HL GHQ EHLGHQ IROJHQGHQ$QZHQGXQJVEHLVSLHOHQZDU MHZHLOV HLQH GHU EHLGHQ
HUZlKQWHQ(LJHQVFKDIWHQQLFKWHUIOOW,P)DOOHGHUORQJLWXGLQDOHQ/HLWIlKLJNHLWV








GXQJVEHLVSLHO GHU HUK|KWHQ .RQYHNWLRQ LP 1DFKPLWWDJVHNWRU ZlKUHQG HLQHV
7HLOVWXUPHV LP 0LWWHUQDFKWVHNWRU $EVFKQLWW  ZDU GDJHJHQ GXUFK GDV
9RUKDQGHQVHLQHLQHUJURH:HUWHYRQ EHGLQJHQGHQ.RQYHNWLRQVJUHQ]HLP
8QWHUVXFKXQJVJHELHW HLQ VFKQHOOHV $ENOLQJHQ GHU DQIDQJVZHUWEHGLQJWHQ 8QVL
FKHUKHLWHQWODQJIDVWDOOHU&KDUDNWHULVWLNHQYHUEUJWDEHUYRUDOOHPDXIJUXQGGHU
EHLHLQHUJHVDPWHQ/lQJHQDXVGHKQXQJGHV$QDO\VHJHELHWHVYRQPLW/lQ
JHQJUDGHQ UHODWLY EUHLWHQ’DWHQOFNH LQGHQ0HZHUWHQ IU  HUJDEHQ VLFK
8QVLFKHUKHLWHQEHLGHU ,QWHUSRODWLRQGHU(LQJDEHJU|HQGHU0HWKRGHDXIHLQ
*LWWHUZHOFKHVLFKLQHEHQVROFKHQLQGHQ5HVXOWDWHQQLHGHUVFKODJHQ:lKUHQG









9DULDQWH DXFK IU NOHLQUlXPLJH8QWHUVXFKXQJVJHELHWH YHUZHQGHWZHUGHQ XQG
VRPLWDOVGLHNDUWHVLVFKH9DULDQWHXPIDVVHQGEHWUDFKWHWZHUGHQNDQQ’DVOHW]WH
%HLVSLHO GHPRQVWULHUW  WURW] GHU HUZlKQWHQ (LQVFKUlQNXQJHQ  QHEHQ GHU
0RGHOODQZHQGXQJDXV.DSLWHOGDV)XQNWLRQLHUHQGHU0HWKRGHDXFKDXIJUR
3(




NHQPHWKRGH LQ DOOHQ $QZHQGXQJVEHLVSLHOHQ SODXVLEOH IOlFKHQKDIWH 9HUWHLOXQJHQ GHV
LQVWDQWDQHQ HOHNWURG\QDPLVFKHQ =XVWDQGHV GHU ,RQRVSKlUH OLHIHUW RKQH ZLH DQGHUH
9HUIDKUHQDXIGLH.RPELQDWLRQYLHOHU0H]HLWVFKULWWHXQWHUGHU$QQDKPHGHU6WDWLRQDUL
WlWGHUSK\VLNDOLVFKHQ6LWXDWLRQDXIVWDWLVWLVFKH¶DSULRUL•$QQDKPHQRGHUDXI$QSDVVXQ















’DWHQ ]XU YROOVWlQGLJHQ %HVWLPPXQJ GK XQWHU (LQVFKOX GHU /HLWIlKLJNHLWHQ GHU
JURUlXPLJHQ6WUXNWXUGHULRQRVSKlULVFKHQ(OHNWURG\QDPLNYHUZHQGHWZXUGHQ(V]HLJWH
VLFK GDHLQ7HLOVWXUP LP0LWWHUQDFKWVHNWRUNHLQH VWDUNHUK|KWHQ/HLWIlKLJNHLWHQ LP
1DFKPLWWDJVHNWRUYHUXUVDFKW
’LH=XNXQIWGHU$QZHQGXQJGHU&KDUDNWHULVWLNHQPHWKRGHOLHJWYRUDOOHPLQLKUHU




EDUHU0HJHUlWH DE DXI VROFKHQ 6NDOHQ DXI GHQHQ GLH0HGDWHQOFNHQ GHU%RGHQ
PDJQHWRPHWHUUHODWLYNOHLQZHUGHQGKIU6XSHU’$51DXIGHP0HJHELHWDOOHUGUHL
5DGDUSDDUHVRZLHLQJHRSK\VLNDOLVFKUHOHYDQWHQ6LWXDWLRQHQHLQHDXVUHLFKHQGH$Q]DKO






$OOHUGLQJV N|QQWHQ DXFK 6WXGLHQPLW HLQHP RGHU ]ZHL 6XSHU’$515DGDUSDDUHQ
XQWHU9HUZHQGXQJGHUEHLGHQZHVWOLFKHQ3DDUHEHVVHUIUGLH$QZHQGXQJGHU0HWKRGH
JHHLJQHW VHLQ DOV GDV LQ $EVFKQLWW  XQWHUVXFKWH %HLVSLHO PLW GHP |VWOLFKVWHQ
&87/$66 5DGDUSDDU GD LP :HVWHQ GLH hEHUODSSXQJ GHV 5DGDUPHJHELHWHV PLW
%RGHQPDJQHWRPHWHUVWDWLRQHQ HWZDV JQVWLJHU LVW (LQ ZHLWHUHU ZLFKWLJHU 6FKULWW ]XU











$LNLR $7 XQG .8 .DLOD $ VXEVWRUP REVHUYHG E\ (,6&$7 DQG RWKHU JURXQGEDVHG LQVWUXPHQWV  (YLGHQFH IRU
QHDU (DUWK VXEVWRUP LQLWLDWLRQ - $WPRV 7HUU 3K\V   
$OIYpQ + &RVPLFDO (OHFWURG\QDPLFV 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG 
$PP 2 'LUHNWH %HVWLPPXQJ GHU LRQRVSKlULVFKHQ +DOO/HLWIlKLJNHLWVYHUWHLOXQJ DXV IOlFKHQKDIWHQ 'DWHQ GHV
HOHNWULVFKHQ XQG PDJQHWLVFKHQ )HOGHV 8QWHUVXFKXQJ GHU $QZHQGEDUNHLW GHU 0HWKRGH DP %HLVSLHO W\SLVFKHU
7HLOVWXUP,RQRVSKlUHQVW|UXQJHQ 'LSORPDUEHLW LP )DFK *HRSK\VLN ,QVWLWXW IU *HRSK\VLN GHU 8QLYHUVLWlW
0QVWHU 0QVWHU 
$PP 2 'LUHFW 'HWHUPLQDWLRQ RI WKH /RFDO ,RQRVSKHULF +DOO &RQGXFWDQFH 'LVWULEXWLRQ IURP 7ZR'LPHQVLRQDO
(OHFWULF DQG 0DJQHWLF )LHOG 'DWD $SSOLFDWLRQ RI WKH 0HWKRG XVLQJ 0RGHOV RI W\SLFDO ,RQRVSKHULF (OHF
WURG\QDPLF 6LWXDWLRQV - *HRSK\V 5HV   
$PP 2 &RPPHQW RQ $ WKUHHGLPHQVLRQDO LWHUDWLYH PDSSLQJ SURFHGXUH IRU WKH LPSOHPHQWDWLRQ RI DQ
LRQRVSKHUHPDJQHWRVSKHUH DQLVRWURSLF 2KP
V ODZ ERXQGDU\ FRQGLWLRQ LQ JOREDO PDJQHWRK\GURG\QDPLF
VLPXODWLRQV E\ 0LFKDHO / *RRGPDQ $QQ *HRSK\VLFDH   D
$PP 2 ,PSURYHG HOHFWURG\QDPLF PRGHOLQJ RI DQ RPHJD EDQG DQG DQDO\VLV RI LWV FXUUHQW V\VWHP - *HRSK\V
5HV   E
$PP 2 ,RQRVSKHULF HOHPHQWDU\ FXUUHQW V\VWHPV LQ VSKHULFDO FRRUGLQDWHV DQG WKHLU DSSOLFDWLRQ - *HRPDJ
*HRHOHFWU   D
$PP 2 0HWKRG RI FKDUDFWHULVWLFV LQ VSKHULFDO JHRPHWU\ DSSOLHG WR D +DUDQJ GLVFRQWLQXLW\ VLWXDWLRQ $QQ
*HRSK\V LP 'UXFN E
$SSOHWRQ (9 XQG 0$) %DUQHWW /RFDO UHIOHFWLRQ RI ZLUHOHVV ZDYHV IURP WKH XSSHU DWPRVSKHUH 1DWXUH 
 
$UINHQ * 0DWKHPDWLFDO 0HWKRGV IRU 3K\VLFLVWV $FDGHPLF 3UHVV 6DQ 'LHJR 86$ 
$YLV ' XQG %. %KDWWDFKDU\D $OJRULWKPV IRU FRPSXWLQJ GGLPHQVLRQDO GLDJUDPV DQG WKHLU GXDOV $GY
&RPSXW 5HV   
%DXPMRKDQQ : - 8QWLHGW XQG 5$ *UHHQZDOG -RLQW WZRGLPHQVLRQDO REVHUYDWLRQV RI JURXQG PDJQHWLF DQG
LRQRVSKHULF HOHFWULF ILHOGV DVVRFLDWHG ZLWK DXURUDO ]RQH FXUUHQWV  7KUHHGLPHQVLRQDO FXUUHQW IORZV
DVVRFLDWHG ZLWK D VXEVWRUPLQWHQVLILHG HDVWZDUG HOHFWURMHW - *HRSK\V 5HV   
%DXPMRKDQQ : XQG < .DPLGH -RLQW WZRGLPHQVLRQDO REVHUYDWLRQV RI JURXQG PDJQHWLF DQG LRQRVSKHULF
HOHFWULF ILHOGV DVVRFLDWHG ZLWK DXURUDO ]RQH FXUUHQWV  7KUHHGLPHQVLRQDO FXUUHQW IORZ LQ WKH PRUQLQJ
VHFWRU GXULQJ VXEVWRUP UHFRYHU\ - *HRPDJQ *HRHOHFWU   
%DXPMRKDQQ : 5- 3HOOLQHQ +- 2SJHQRRUWK XQG ( 1LHOVHQ -RLQW WZRGLPHQVLRQDO REVHUYDWLRQV RI JURXQG
PDJQHWLF DQG LRQRVSKHULF HOHFWULF ILHOGV DVVRFLDWHG ZLWK DXURUDO ]RQH FXUUHQWV &XUUHQW V\VWHP DVVRFLDWHG
ZLWK ORFDO DXURUDO EUHDNXSV 3ODQHW 6SDFH 6FL   
%LUNHODQG . 6XU OHV UD\RQV FDWKRGLTXHV VRXV O·DFWLRQ GH IRUFHV PDJQHWLTXHV LQWHQVHV $UFK 6FL 3K\V 1DWXUHOOHV

  
%RVWU|P 5 ,RQRVSKHUHPDJQHWRVSKHUH FRXSOLQJ LQ 0DJQHWRVSKHULF SK\VLFV %0 0F&RUPDFN +UVJ '
5HLGHO 3XEO &R 'RUGUHFKW +ROODQG S II 
%XQHPDQ 2 ([FLWDWLRQ RI ILHOGDOLJQHG VRXQG ZDYHV E\ HOHFWURQ VWUHDPV 3K\V 5HY /HWW   
&DKLOO /- -U 5$ *UHHQZDOG XQG ( 1LHOVHQ $XURUDO UDGDU DQG URFNHW GRXEOHSUREH REVHUYDWLRQV RI WKH
HOHFWULF ILHOG DFURVV WKH +DUDQJGLVFRQWLQXLW\ *HRSK\V 5HV /HWW   
&KDSPDQ 6 7KH DEVRUSWLRQ DQG GLVVRWLDWLYH RU LRQL]LQJ HIIHFW RI PRQRFKURPDWLF UDGLDWLRQ LQ DQ DWPRVSKHUH RQ
D URWDWLQJ (DUWK 3URF 3K\V 6RF   
&KDSPDQ 6 XQG - %DUWHOV *HRPDJQHWLVP YRO ,, 2[IRUG 8QLYHUVLW\ 3UHVV 1HZ <RUN 
&KDSPDQ 6 +LVWRU\ RI DXURUD DQG DLUJORZ S LQ $XURUD DQG $LUJORZ HGLWHG E\ %0 0F &RUPDFN 5HLQKROG
3XEOLVKLQJ &R 1HZ <RUN 
&UHVVLH 1$& 6WDWLVWLFV IRU VSDWLDO GDWD -RKQ :LOH\ 	 6RQV &KLFHVWHU 
&XVKLQJ -7 $SSOLHG DQDO\WLFDO PDWKHPDWLFV IRU SK\VLFDO VFLHQWLVWV -RKQ :LOH\ 1HZ <RUN 
'DYLV -& 6WDWLVWLFDO 7HFKQLTXHV LQ SHWUROHXP H[SORUDWLRQ &RPPXQ 6WDW7KHRU 0HWK $  
GH 6DQWLV $ & )DOFRQH XQG -0 7RUWD 6+$ YV 6&+$ IRU PRGHOOLQJ VHFXODU YDULDWLRQ LQ D VPDOO UHJLRQ VXFK
DV ,WDO\ - *HRPDJQ *HRHOHFWU   
'HODXQD\ %1 6XU OD VSKHUH YLGH %XOO $FDG 6FLHQFH 8665 &ODVV 6FL 0DWK 9,,  
'LPDQW <6 XQG 51 6XGDQ .LQHWLF WKHRU\ RI WKH )DUOH\%XQHPDQ LQVWDELOLW\ LQ WKH ( UHJLRQ RI WKH LRQRVSKH
UH - *HRSK\V 5HV   
'UDSHU 15 XQG + 6PLWK $SSOLHG UHJUHVVLRQ DQDO\VLV -RKQ :LOH\ 1HZ <RUN 
)DUOH\ '7 $ SODVPD LQVWDELOLW\ UHVXOWLQJ LQ ILHOGDOLJQHG LUUHJXODULWLHV LQ WKH LRQRVSKHUH - *HRSK\V 5HV 
 
)HMHU %* XQG 0& .HOOH\ ,RQRVSKHULF LUUHJXODULWLHV 5HY *HRSK\V 6SDFH 6FL   
)RONHVWDG . 7 +DJIRUV XQG 6 :HVWHUOXQG (,6&$7 $Q XSGDWHG GHVFULSWLRQ RI WHFKQLFDO FKDUDFWHULVWLFV
5DGLR 6FL   
)RVWHU -& XQG ' 7HWHQEDXP 3KDVH YHORFLW\ VWXGLHV RI FP (UHJLRQ LUUHJXODULWLHV REVHUYHG DW 0LOOVWRQH
+LOO - $WPRV 7HUU 3K\V   
)UDQNH 5 6PRRWK LQWHUSRODWLRQ RI VFDWWHUHG GDWD E\ ORFDO WKLQ SODWH VSOLQHV &RPSXWHUV 0DWK :LWK $SSOLF 
 
)ULLV&KULVWHQVHQ ( *URXQG PDJQHWLF SHUWXUEDWLRQV LQ WKH SRODU FDS DQG FOHIW 6WUXFWXUH DQG G\QDPLFV RI
LRQRVSKHULF FXUUHQWV LQ 3( 6DQGKROW XQG $ (JHODQG +UVJ (OHFWURPDJQHWLF FRXSOLQJ LQ WKH SRODU FOHIWV
DQG FDSV 6  II .OXZHU 'RUGUHFKW 
)XNXVKLPD 1 *HQHUDOL]HG WKHRUHP IRU QR JURXQG PDJQHWLF HIIHFW RI YHUWLFDO FXUUHQWV FRQQHFWHG ZLWK 3HGHUVHQ
FXUUHQWV LQ WKH XQLIRUPFRQGXFWLYLW\ LRQRVSKHUH 5HS ,RQRV 6SDFH 5HV -DS   
)XOOHU5RZHOO 7- XQG '6 (YDQV +HLJKWLQWHJUDWHG 3HGHUVHQ DQG +DOO FRQGXFWLYLW\ SDWWHUQV LQIHUUHG IURP
WKH 7,52612$$ VDWHOOLWH GDWD - *HRSK\V 5HV   

*DVVHQGL 3 2SHUD 2PQLD /XJGXQL /\RQV )UDQNUHLFK 
*DX &) (UGPDJQHWLVPXV XQG (UGPDJQHWRPHWHU  LQ *DX &) :HUNH KUVJ YRQ GHU .|QLJOLFKHQ
*HVHOOVFKDIW GHU :LVVHQVFKDIWHQ *|WWLQJHQ 
*ODPHLHU .+ 0 /HVWHU :$& 0LHU-HGU]HMRZLF] &$ *UHHQ * 5RVWRNHU ' 2UU 8 :HGHNHQ +
-XQJLQJHU XQG ( $PDWD 3F SXOVDWLRQV DQG WKHLU SRVVLEOH VRXUFH PHFKDQLVPV D FDVH VWXG\ - *HRSK\V
  
*ODPHLHU .+ *URXQGEDVHG REVHUYDWLRQV RI ILHOGDOLJQHG FXUUHQWV LQ WKH DXURUDO ]RQH 0HWKRGV DQG UHVXOWV
$QQ *HRSK\V $  
*ODPHLHU .+ 5HFRQVWUXFWLRQ RI WKH LRQRVSKHULF LQIOXHQFH RQ JURXQGEDVHG REVHUYDWLRQV RI D VKRUWGXUDWLRQ
8/) SXOVDWLRQ HYHQW 3ODQHW 6SDFH 6FL   
*ODPHLHU .+ 7UDYHOLQJ PDJQHWRVSKHULF FRQYHFWLRQ WZLQYRUWLFHV REVHUYDWLRQV DQG WKHRU\ $QQ *HRSK\V
  
*UHHQZDOG 5$ : :HLVV (1LHOVHQ XQG 15 7KRPVRQ 67$5( $ QHZ UDGDU DXURUDO EDFNVFDWWHU H[SHULPHQW
LQ QRUWKHUQ 6FDQGLQDYLD 5DGLR 6FL   
*UHHQZDOG 5 $ .% %DNHU -5 'XGHQH\ 0 3LQQRFN 7% -RQHV (& 7KRPDV -3 9LOODLQ -& &HULVLHU
& 6HQLRU & +DQXLVH 5' +XQVXFNHU * 6RINR - .RHKOHU ( 1LHOVHQ 5 3HOOLQHQ $'0 :DONHU 1
6DWR XQG + <DPDJLVKL '$51 6XSHU'$51 $ JOREDO YLHZ RI WKH G\QDPLFV RI KLJKODWLWXGH FRQYHFWLRQ
6SDFH 6FL 5HY   
*XVWDIIVRQ * 1( 3DSLWDVKYLOL XQG 92 3DSLWDVKYLOL $ UHYLVHG FRUUHFWHG JHRPDJQHWLF FRRUGLQDWH V\VWHP IRU
HSRFKV  DQG  - $WPRV 7HUU 3K\V   
+DLQHV *9 6SKHULFDO &DS +DUPRQLF $QDO\VLV - *HRSK\V 5HV   
+DLQHV *9 &RPSXWHU SURJUDPV IRU VSKHULFDO FDS KDUPRQLF DQDO\VLV RI SRWHQWLDO DQG JHQHUDO ILHOGV &RPSXWHUV
	 *HRVFLHQFHV   
+DLQHV *9 5HJLRQDO PDJQHWLF ILHOG PRGHOOLQJ D UHYLHZ - *HRPDJQ *HRHOHFWU   
+DLQHV *9 XQG -0 7RUWD 'HWHUPLQDWLRQ RI HTXLYDOHQW FXUUHQW VRXUFHV IURP VSKHULFDO FDS KDUPRQLF PRGHOV
RI JHRPDJQHWLF ILHOG YDULDWLRQV *HRSK\V - ,QW   
+DOGRXSLV & $ UHYLHZ RQ UDGLR VWXGLHV RI DXURUDO (UHJLRQ LRQRVSKHULF LUUHJXODULWLHV $QQ *HRSK\VLFDH 
 
+DOGRXSLV & ( 1LHOVHQ XQG . 6FKOHJHO 'HSHQGHQFH RI UDGDU DXURUDO VFDWWHULQJ FURVV VHFWLRQ RQ WKH DPELHQW
HOHFWURQ GHQVLW\ DQG WKH GHVWDLOL]LQJ HOHFWULF ILHOG $QQ *HRSK\VLFDH   
+DUDQJ / 7KH PHDQ ILHOG RI GLVWXUEDQFH RI SRODU JHRPDJQHWLF VWRUPV 7HUUHVW 0DJQ $WPRVSKHULF (OHFWU 
 
+DUGHU 5/ XQG 51 'HVPDULDV ,QWHUSRODWLRQ XVLQJ VXUIDFH VSOLQHV - $LUFUDIW   
+HLVNDQHQ :$ XQG + 0RULW] 3K\VLFDO *HRGHV\ :+ )UHHPDQ 1HZ <RUN 
+HSSQHU -3 XQG 1& 0D\QDUG (PSLULFDO KLJKODWLWXGH HOHFWULF ILHOG PRGHOV - *HRSK\V 5HV  


+LRUWHU 2 9RQ GHU 0DJQHWQDGHO YHUVFKLHGHQHQ %HZHJXQJHQ 6YHQVN 9HW $FDG +DQGO  
+REVRQ (: 7KH 7KHRU\ RI 6SKHULFDO DQG (OOLSVRLGDO +DUPRQLFV &DPEULGJH 8QLYHUVLW\ 3UHVV 1HZ <RUN

+ZDQJ & XQG 6. &KHQ )XOO\ QRUPDOL]HG VSKHULFDO FDS KDUPRQLFV DSSOLFDWLRQ WR WKH DQDO\VLV RI VHDOHYHO
GDWD IURP 723(;326(,'21 DQG (56 *HRSK\V - ,QW   
,MLPD 7 6LJQDWXUHV RI ILHOGDOLJQHG FXUUHQWV DW JHRVWDWLRQDU\ VDWHOOLWH $76 DQG D UHILQHG WKUHHGLPHQVLRQDO
VXEVWRUP FXUUHQW V\VWHP 5HS ,RQRVS 6SDFH 5HV -DSDQ   
,QKHVWHU % - 8QWLHGW 0 6HJDW] XQG 0 .UVFKQHU 'LUHFW GHWHUPLQDWLRQ RI WKH ORFDO LRQRVSKHULF +DOO
FRQGXFWDQFH GLVWULEXWLRQ IURP WZRGLPHQVLRQDO HOHFWULF DQG PDJQHWLF ILHOG GDWD - *HRSK\V 5HV  

-DQKXQHQ 3 *80,&6  D JOREDO LRQRVSKHUHPDJQHWRVSKHUH FRXSOLQJ VLPXODWLRQ ZLWK KLJK LRQRVSKHULF
UHVROXWLRQ 3URF (QYLURQPHQWDO 0RGHOOLQJ IRU 6SDFH%DVHG $SSOLFDWLRQV (67(& 1LHGHUODQGH 
6HSW   VLHKH DXFK :::6HLWH KWWSZZZJHRIPLILaSMDQKXQHJXPLFV
-DQKXQHQ 3 XQG +(- .RVNLQHQ 7KH FORVXUH RI 5HJLRQ ILHOGDOLJQHG FXUUHQW LQ 0+' VLPXODWLRQ *HRSK\V
5HV /HWW   
.DPLGH < 0 .DQDPLWVX XQG 6, $NDVRIX $ QHZ PHWKRG RI PDSSLQJ ZRUOGZLGH SRWHQWLDO FRQWRXUV IRU
JURXQG PDJQHWLF SHUWXUEDWLRQV HTXLYDOHQW FXUUHQW UHSUHVHQWDWLRQ - *HRSK\V 5HV   
.DPLGH < 2Q FXUUHQW FRQWLQXLW\ DW WKH +DUDQJ GLVFRQWLQXLW\ 3ODQHWDU\ 6SDFH 6FL   
.DPLGH < $' 5LFKPRQG XQG 6 0DWVXVKLWD (VWLPDWLRQ RI LRQRVSKHULF HOHFWULF ILHOGV LRQRVSKHULF FXUUHQWV
DQG ILHOGDOLJQHG FXUUHQWV IURP JURXQG PDJQHWLF UHFRUGV - *HRSK\V 5HV   
.DPLGH < XQG - ) 9LFNUH\ 9DULDELOLW\ RI WKH +DUDQJ GLVFRQWLQXLW\ DV REVHUYHG E\ WKH &KDWDQLND UDGDU DQG WKH
,06 $ODVND PDJQHWRPHWHU FKDLQ *HRSK\V 5HV /HWW   
.DPLGH < XQG : %DXPMRKDQQ 0DJQHWRVSKHUH,RQRVSKHUH &RXSOLQJ 6SULQJHU9HUODJ %HUOLQ +HLGHOEHUJ

.DXULVWLH . 9$ 6HUJHHY 7, 3XONNLQHQ 5- 3HOOLQHQ 9 $QJHORSRXORV XQG : %DXPMRKDQQ 6WXG\ RQ WKH
LRQRVSKHULF VLJQDWXUHV RI WKH SODVPD VKHHW EXEEOHV 3URF 7KLUG LQWHUQDWLRQDO FRQIHUHQFH RQ VXEVWRUPV
,&6 9HUVDLOOHV )UDQFH (6$ 63 SII 
.HOOH\ 0& 7KH (DUWK·V LRQRVSKHUH $FDGHPLF 3UHVV 6DQ 'LHJR 
.HUQ -: $QDO\VLV RI SRODU PDJQHWLF VWRUPV - *HRPDJQ *HRHOHFWU   
.HUW] : (LQIKUXQJ LQ GLH *HRSK\VLN %G , %LEOLRJUDSKLVFKHV ,QVWLWXW 0DQQKHLP 
.HUW] : (LQIKUXQJ LQ GLH *HRSK\VLN %G ,, %LEOLRJUDSKLVFKHV ,QVWLWXW 0DQQKHLP 
.LUNZRRG 6 +- 2SJHQRRUWK XQG -6 0XUSKUHH ,RQRVSKHULF FRQGXFWLYLWLHV HOHFWULF ILHOGV DQG FXUUHQWV
DVVRFLDWHG ZLWK DXURUDO VXEVWRUPV PHDVXUHG E\ WKH (,6&$7 UDGDU 3ODQHW 6SDFH 6FL   
.QLSS '- $' 5LFKPRQG % (PHU\ 18 &URRNHU 2 GH OD %HDXMDUGLHUH ' (YDQV XQG + .URHKO ,R
QRVSKHUH FRQYHFWLRQ UHVSRQVH WR FKDQJLQJ ,0) GLUHFWLRQV *HRSK\V 5HV /HWW   
.QLSS '- %$ (PHU\ XQG * /X $SSOLFDWLRQ RI WKH DVVLPLODWLYH PDSSLQJ RI LRQRVSKHULF HOHFWURG\QDPLFV

$0,( SURFHGXUH WR FXVS LGHQWLILFDWLRQ LQ 3K\VLFDO 6LJQDWXUHV RI 0DJQHWRVSKHULF %RXQGDU\ /D\HU 3URFHV
VHV HGLWHG E\ -$ +ROWHW DQG $ (JHODQG SS  .OXZHU $FDGHPLF 3XEOLVKHUV 'RUGUHFKW 
.RVNLQHQ +(- XQG 7, 3XONNLQHQ 0LGQLJKW YHORFLW\ VKHDU ]RQH DQG WKH FRQFHSW RI +DUDQJ GLVFRQWLQXLW\ -
*HRSK\V 5HV   
.XQNHO 7 : %DXPMRKDQQ - 8QWLHGW XQG 5$ *UHHQZDOG (OHFWULF ILHOGV DQG FXUUHQWV DW WKH +DUDQJ GLVFRQWL
QXLW\ D FDVH VWXG\ - *HRSK\V   
.SSHUV ) - 8QWLHGW : %DXPMRKDQQ . /DQJH XQG $* -RQHV $ WZRGLPHQVLRQDO PDJQHWRPHWHU DUUD\ IRU
JURXQGEDVHG REVHUYDWLRQV RI DXURUDO ]RQH HOHFWULF FXUUHQWV GXULQJ WKH ,QWHUQDWLRQDO 0DJQHWRVSKHULF 6WXG\
,06 - *HRSK\V   
.SSHUV ) XQG + 3RVW $ VHFRQG JHQHUDWLRQ *RXJK5HLW]HO PDJQHWRPHWHU - *HRPDJQ *HRHOHFWU  

.UVFKQHU 0 8QWHUVXFKXQJ GHU $QZHQGEDUNHLW ]ZHLHU 0HWKRGHQ ]XU %HVWLPPXQJ GHU LRQRVSKlULVFKHQ /HLW
IlKLJNHLW GXUFK /|VXQJ HLQHU 'LIIHUHQWLDOJOHLFKXQJ DP %HLVSLHO HLQHU +DUDQJ'LVNRQWLQXLWlW 'LSORPDUEHLW
LP )DFK 3K\VLN ,QVWLWXW IU *HRSK\VLN GHU 8QLYHUVLWlW 0QVWHU 0QVWHU 
/DPSHQ 0 (OHNWURG\QDPLVFKH 3DUDPHWHU LQ GHU 8PJHEXQJ GHU +DUDQJ'LVNRQWLQXLWlW XQWHUVXFKW DQKDQG
NRPELQLHUWHU 0HVVXQJHQ GHU PDJQHWLVFKHQ 6W|UXQJHQ DP %RGHQ XQG LRQRVSKlULVFKHU HOHNWULVFKHU )HOGHU LP
IUKHQ $EHQGVHNWRU GHV  2NWREHU  'LSORPDUEHLW ,QVWLWXW IU *HRSK\VLN GHU 8QLYHUVLWlW 0QVWHU

/HKWLQHQ 06 XQG $ +XXVNRQHQ *HQHUDO LQFRKHUHQW VFDWWHU DQDO\VLV DQG *8,6'$3 - $WPRV 7HUU 3K\V 
 
/HVWHU 0 -$ 'DYLHV XQG 76 9LUGL +LJKODWLWXGH +DOO DQG 3HGHUVHQ FRQGXFWDQFHV GXULQJ VXEVWRUP DFWLYLW\
LQ WKH 681',$/$7/$6 FDPSDLJQ - *HRSK\V 5HV  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 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
6LOEHUVWHLQ 5 7KH RULJLQ RI WKH FXUUHQW QRPHQFODWXUH IRU WKH LRQRVSKHULF OD\HUV - $WPRVSKHULF 7HUUHVW 3K\V
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ERRN (6$ SXEOLFDWLRQV  
9RURQRL 0* 1RXYHOOHV DSSOLFDWLRQV GHV SDUDPHWUHV FRQWLQXV j OD WKpRULH GHV IRUPHV TXDGUDWLTXHV - 5HLQH
$QJHZ 0DWK   
:DONHU -. 6SKHULFDO FDS KDUPRQLF PRGHOOLQJ RI KLJK ODWLWXGH PDJQHWLF DFWLYLW\ DQG HTXLYDOHQW FXUUHQW VRXUFHV
ZLWK VSDUVH REVHUYDWLRQV - $WPRV 7HUU 3K\V   
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WHQVRU ODQJXDJH VLHKH:::6HLWH KWWS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EHPHUNEDU PDFKWH GD GDQQ UHFKW ODQJVDPH YLUWXHOOH 6SHLFKHUWHFKQLNHQ HLQJHVHW]W
ZHUGHQPWHQ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OLQNV XQG YRQ
GUHLNRPSRQHQWLJHQ 0HZHUWHQ DXI LUUHJXOlU DQJHRUGQHWHQ 0HSXQNWHQ UHFKWV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NHQRGHUIU’HILQLWLRQHQGHU5lQGHUGHV$QDO\VHJHELHWHVIUGDV3URJUDPP&+,1763





SK\VLN GHU *UDILNSURJUDPPH XQG GHU +LOIVSURJUDPPH RUJDQLVLHUW ’LH 3URJUDPPH
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 (UPLWWHOW GLH GXUFK JHJHEHQH ,RQRVSKlUHQVWU|PH  XQG IHOGSDUDOOHOH
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’LHVH 3URJUDPPH ZHUGHQ YRP 81,;/,18;3URPSW GXUFK (LQJDEH YRQ ¶WHOD
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E]Z
KHLJKWVHSW81,;/,18;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.RHIIL]LHQWHQ  IU YRUJHJHEHQHV  XQG. VFKILW EHUHFKQHWPLW GLHVHQGLH
KDUPRQLVFKHQVSKHULFDOFDS.RHIIL]LHQWHQDXVYRUJHJHEHQHQ0DJQHWIHOGGDWHQDP















GLH KHU]OLFKH$XIQDKPH DOV JOHLFKZHUWLJHU 3DUWQHUZlKUHQGPHLQHV ]ZHLMlKULJHQ )RU
VFKXQJVDXIHQWKDOWHVDQGLHVHP,QVWLWXWZlKUHQGGHPGHUJU|WH7HLOGHV,QKDOWHVGLHVHU
$UEHLWHQWVWDQG+LQVLFKWOLFKGHUIDFKOLFKHQ=XVDPPHQDUEHLWEHGDQNHLFKPLFKYRUDOOHP
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